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A B S T R A K 
Kaedah penyediaan s u p e r k o n d u k t o r T l 2 B a 2 C a 2 C u 3 O 1 0 (T11223) dan 
T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O 9 (T12223) menggunakan komposisi permulaan dan suhu 
sinter yang pelbagai dibincangkan. T12223 berfasa tunggal dengan T
 $. f a r antara 
106 dan 109 K telah disediakan menggunakan komposisi permulaan 
Tl 2 Ba 2 Ca 2 Cu 3 O 1 0 dan T l 1 6 B a 2 C a 2 4 C u 3 O 1 0 dalam sistem tidak tertutup dengan 
pemanasan sekitar 20 mini t pada 910 °C dalam aliran 0 2 . Sampel berfasa 
utamaT11223 (~ 70%) telah disediakan dengan komposisi T l 0 5 Pb 0 5 Sr 1 6 Ca S 4 Cu 3 O 9 
dengan memasukkan sampel dalam kerajang emas dan disinter dalam aliran 
oksigen pada 940°C selama 3 j am. 
A B S T R A C T 
T h e p r e p a r a t i o n me thods o f T l 2 B a 2 C a 2 C u 3 O 1 0 (T11223) and 
T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O 9 (T12223) superconductors using a variety of starting 
compositions and sintering temperatures are discussed. Single-phased T12223 
with T between 106 to 109 K can be prepared using Tl 2 Ba 2 Ca 2 Cu 3 O 1 0 and 
T l 1 6 B a 2 C a 2 4 C u 3 O ] 0 as starting compositions in a non-closed system by heating 
around 20 min at 910°C in flowing 0 2 . Samples with T i l223 major phase 
(~ 70%) can be prepared from T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O g composition with the 
sample wrapped in gold foil and sintered in flowing oxygen at 940 °C for 3 
hours. 
Keywords : High-temperature superconductor, synthesis of: T l 2 B a 2 C a 2 C u s O 1 0 
and T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O g , electrical resistance, X-ray diffraction 
I N T R O D U C T I O N 
T h e Tl-based h igh- tempera tu re superconduc tors are an in te res t ing f ami ly o f 
c o m p o u n d s that can f o r m phases w i t h d i f f e ren t n u m b e r s o f C u O o r T I O layers 
a n d cr i t i ca l temperatures (T). Single T I O layered T l B a 2 C a ^ C u n 0 2 n + 3 series a n d 
d o u b l e T I O layered T ^ B a ^ a ^ C ^ O ^ series have been established w i t h a 
m a x i m u m cr i t i ca l c u r r e n t 7 o f 114 K (n=3) a n d 125 K (n=3) respectively. 
P repara t ion o f Tl-based materials is m o r e d i f f i c u l t c o m p a r e d to the we l l k n o w n 
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RE123 (RE-rare ear th) materials due to the h i g h vola t i l i ty o f T l d u r i n g hea t i ng 
a n d the g r o w t h o f c o m p e t i n g secondary phases (Abd-Shukor 1993) . T h e T 1 2 0 3 
used i n the p repa ra t ion process is volat i le at 717°C at a tmospher ic pressure a n d 
as such i t is very volat i le above that tempera ture . T o m i n i m i z e T l 2 <3 3 loss, several 
groups used the precursor m e t h o d where c o m p o n e n t ox ide is m i x e d a n d 
calc ined separately before T 1 2 0 3 is added (Chen et at. 1994; Pa rk in et al. 1988; 
Sheng and H e r m a n n 1988). Several methods also employ hea t ing o f samples i n 
a closed system by us ing meta l l ic foils (usually go ld ) to wrap the samples o r 
sealed g o l d tubes ( L u o et al 1996; Subramanian et al 1988). T h e r e are 
c o n f l i c t i n g reports o n p repa ra t ion o f T12223 us ing T l 2 B a 2 C a 2 C u 3 O 1 0 s ta r t ing 
compos i t i on ; some groups r epo r t ed m i x e d T12223 a n d T12212 phases (Hazen 
et al. 1988; Pa rk in et al 1988) wh i l e others r epo r t ed d o m i n a n t T12223 phase 
(Abd-Shukor a n d H a s h i m 1994; X i n et al 1991). B u l k T11223 was repeatedly 
synthesized by pa r t i a l subs t i tu t ion o f Pb fo r T l a n d us ing ca lc ium- a n d copper-
rich s tar t ing compos i t ions ( L i u et al 1992; Paran thaman et al 1994). Several 
groups have also r epo r t ed the p repa ra t ion o f single phased Tl-based c o m p o u n d s 
us ing non-s to ich iomet r ic s tar t ing composi t ions ( L i u et al. 1991; Nanjundaswamy 
et al. 1993; Park in et al. 1988). Replacement o f the exact a m o u n t o f T 1 2 0 3 tha t 
has evaporated d u r i n g i n i t i a l hea t ing was also suggested (Abd-Shukor a n d 
H a s h i m 1994). 
I t is in te res t ing to exp lore o the r synthesis me thods o f the T i l 2 2 3 a n d 
T12223 materials w i t h the a i m o f p r o d u c i n g bet ter qua l i ty samples a n d shor ter 
t ime for synthesis o f the materials . Also , the use o f g o l d f o i l s / g o l d tubes w h i c h 
are expensive can be avoided i f the Tl-based mater ials c o u l d be r ap id ly 
synthesized i n a non-closed system. I n this paper we r e p o r t the synthesis o f 
T12223 and T i l 2 2 3 i n a non-closed system us ing d i f f e ren t s ta r t ing compos i t ions . 
T h e effect o f synthesizing T i l 2 2 3 i n a closed system is also discussed. Powder 
X-ray d i f f rac t ion a n d d . c. e lectr ical resistance-temperature measurements are 
used to characterize the i r n o r m a l a n d supe rconduc t i ng proper t ies . 
E X P E R I M E N T A L D E T A I L S 
T h e samples were p repa red us ing the sol id state synthesis m e t h o d . T12223 was 
p r e p a r e d f r o m t w o d i f f e r e n t c o m p o s i t i o n s : T l 2 B a 2 C a 2 C u 3 O 1 0 a n d 
T l 1 6 B a 2 C a 2 4 C u 3 O 1 0 . T11223 was p r epa red f r o m T l ( ) 5 P b 0 5 S r 1 6 C a 2 4 C u 3 0 9 a n d 
T l 0 5 P b 0 5 S r 2 C a 2 C u 3 O 9 c o m p o s i t i o n s . A p p r o p r i a t e a m o u n t s o f h i g h p u r i t y 
(s> 99.99 % ) powders o f P b 2 0 3 , S r C 0 3 , BaO, CaO a n d C u O were m i x e d 
accord ing to the relevant n o m i n a l c o m p o s i t i o n a n d g r o u n d i n an agate m o r t a r . 
T h e powders were t h e n ca lc ined i n air at a r o u n d 900°C fo r 48 h w i t h several 
i n t e r m i t t e n t g r ind ings . A p p r o p r i a t e amounts o f T 1 2 0 3 were t h e n added to the 
resultant powders acco rd ing to the relevant n o m i n a l s ta r t ing c o m p o s i t i o n used. 
T h e powders were t h e n m i x e d a n d pressed i n t o pellets o f 12.5 m m d iamete r 
and 3 m m thickness u n d e r a l oad o f 5 tons us ing a hydrau l i c press. Some o f 
the samples were w r a p p e d i n g o l d f o i l to m i n i m i z e the loss o f T l d u r i n g 
heat ing. T h e pellets were t hen placed i n an a l u m i n a boat a n d s in tered i n a tube 
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furnace at d i f f e ren t tempera tures be tween 895°C a n d 920°C fo r T12223 a n d 
between 940°C a n d 955°C fo r T11223 i n f l o w i n g oxygen fo r d i f fe ren t du ra t ions 
f o l l o w e d by oven c o o l i n g to r o o m t empera tu re . T h e oxygen was kep t f l o w i n g 
u n t i l the t empera tu re reached be low 300°C. 
T h e samples were analyzed by p o w d e r X-ray d i f f r ac t ion m e t h o d us ing 
Siemens D 5000 d i f f rac tomete r w i t h C u - K a r a d i a t i o n . T h e lat t ice parameter o f 
the samples was o b t a i n e d f r o m the c o m p u t e r f i t t ings o f observed d values o f 
d i f f ractograms fo r i n d i v i d u a l samples. T h e v o l u m e pe rcen t o f the 2223 a n d 
2212 phases were es t imated f r o m the ra t io o f in tens i ty o f the low angle peaks 
(20 ~ 5° fo r 2223 a n d 26 ~ 6° fo r 2212 i.e. the (002) re f l ec t ion o f b o t h phases. 
T h e v o l u m e pe rcen t o f the 1223 a n d 1212 phases were es t imated f r o m the ra t io 
o f intensi ty o f the (110) peaks fo r b o t h phases. Electr ical resistance measurements 
between 35 K a n d 300 K were ca r r i ed o u t u s ing the f o u r - p o i n t p r o b e t echn ique 
w i t h silver p a i n t contacts i n c o n j u n c t i o n w i t h a closed cycle re f r igera tor f r o m 
C T I Cryogenics M o d e l 22. 
R E S U L T S A N D D I S C U S S I O N 
Table 1 shows the s ta r t ing c o m p o s i t i o n , s i n t e r i n g t empera tu re , s i n t e r ing t ime , 
resul tant phases a n d T o f the samples. A l l the X R D peaks are i n d e x e d w i t h 
te t ragonal u n i t cells. Fo r T l 2 B a 2 C a 2 C u 3 O 1 0 c o m p o s i t i o n , single-phased T12223 
(sample 3A) w i t h T o f 106 K can be p r o d u c e d w i t h o u t w r a p p i n g i n g o l d f o i l 
by fast h e a t i n g at 910°C fo r 10 m i n f o l l o w e d by furnace c o o l i n g a n d hea t ing i t 
again fo r 10 m i n at the same t empera tu re (10+10 m i n ) . T h e results also show 
that the o p t i m u m tempera tu re fo r the f o r m a t i o n o f the 2223 phase is a r o u n d 
910°C a n d the shor t h e a t i n g d u r a t i o n ( -20 m i n ) is suff icient fo r s tabi l izat ion o f 
the phase. T h e l o w T (84 K ) fo r Sample 1A w h i c h was s in tered fo r 300 m i n at 
895°C indicates f o r m a t i o n o f a l ow temperature-phase. Th i s may be caused by 
the loss o f T l due to the p r o l o n g e d h e a t i n g o r the s l ighdy lower s i n t e r i ng 
t empera tu re used. For Sample 2A, s i n t e r i ng at 900°C fo r 10 m i n produces 
d o m i n a n t T12223 ( 6 7 % ) b u t d i d n o t e l i m i n a t e the m i n o r 2212 phase ( 3 3 % ) . 
X R D pa t t e rn fo r Sample 3A (Fig. 1) showed d o m i n a n t 2223 phase w i t h n o 
s igni f icant i m p u r i t y peaks. T h e ca lcula ted la t t ice parameters are a = 3.849 A 
a n d c = 35.627 A . T h e t empera tu re d e p e n d e n t resistance measurements fo r 
Sample 3A a n d Sample 8C are shown i n Fig. 2. Single-phased T12223 w i t h T 
- 1 0 9 K can also be p r e p a r e d f r o m T l 1 6 B a 2 C a 2 4 C u 3 O 1 0 by h e a t i n g a r o u n d 
894-900°C fo r 240 m i n (Sample 4B) o r a r o u n d 910°C for 20 m i n (Sample 6 B ) . 
X R D p a t t e r n fo r Sample 4B a n d Sample 6B ( f igure n o t shown) showed n o 
not iceable secondary o r parasitic peaks w h i c h are sometimes expec ted w h e n 
using non-s to ichiometr ic s tar t ing composi t ions . S in te r ing at a h ighe r tempera ture 
o f 920°C (Sample 5B) causes increase i n T12212 m i n o r phase. O u r observat ion 
o n sample 3 A is d i f f e ren t f r o m Y. X i n et al. (1991) w h o r e p o r t e d f o r m a t i o n o f 
9 5 % p u r e T12223 after hea t i ng at 895°C fo r 48 h . O u r results ind ica te tha t 20 
m i n o f h e a t i n g at 910°C is suff icient fo r the chemica l reac t ion to p r o d u c e 2223 
phase. T h e shor ter hea t i ng d u r a t i o n can also reduce excessive loss o f t h a l l i u m . 
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TABLE 1 
The starting composition, sintering temperature, sintering 
duration, resultant phases and T of the samples. * indicates that sample 
was wrapped in a gold foil 
Starting Sample Sintering Sintering Resultant Phase T zero c onset 
Composition Temp. Time Major Minor 00 (K) 
(°C) (min.) 
Tl.Ba.C^Cu.O,, , 1A 895 300 unknown unknown 106 84 
2A 900 10 2223 (67 % ) 2212 (33 % ) 123 111 
3A 910 10+10 2223(>98%) 123 106 
4B 900 10 
894 240 2223(>98%) 119 109 
5B 910 20 
920 15 2223 (85 % ) 2212 (15 %) 123 108 
6B 910 20 2223(>98%)' 121 109 
T 1 0 . 5 P b 0 . 5 S r i . 6 C a 2 4 C u 5 O 9 7C 940 180 
940 195 1212 (53 % ) 1223 (47 % ) 123 112 
8C* 940 180 1223 (70 % ) 1212 (30 % ) 122 112 
9C 940 180 
950 180 1212 (63 % ) 1223 (37 % ) 125 112 
IOC* 947 300 1212 (51 % ) 1223 (49 % ) 123 75 
11C* 940 180 
950 180 1223 (56 % ) 1212 (44 % ) 125 112 
12C 940 360 1223 (52 % ) 1212 (48 % ) 120 112 
13C* 947 120 1212 (54 % ) 1223 (46 % ) Not Not 
known known 
14D 955 300 1212 (52%) 1223 (48< %) 88 75 
15D* 940 300 1212 (55 % ) 1223 (45 %) Not Not 
known known 
Prepara t ion o f T i l 2 2 3 us ing T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O 9 c o m p o s i t i o n by s in t e r ing 
at 940°C for 3 h i n 0 2 w i t h the sample w r a p p e d i n g o l d f o i l (Sample 8C) 
produces 1223 major phase w i t h 7 o f 112 K. T h e X-ray d i f f r ac t ion fo r Sample 
8C {Fig. 1) showed 1223 major peaks (70%) w i t h m i n o r 1212 phase ( 3 0 % ) . T h e 
calculated lattice parameters fo r the 1223 major phase are a = 3.820 A a n d c 
= 15.18 A. W e also observed tha t s i n t e r i n g the T l 0 5 P b 0 5 S r 1 6 C a 2 4 C u 3 O g 
compos i t i on at 940°C i n a non-closed system ( w i t h o u t g o l d f o i l ) (Sample 7C) 
o r increasing the s in te r ing tempera ture (Samples 9C,11C,13C) caused signif icant 
increase i n T11212 phase. Prepara t ion o f T11223 us ing T 1 Q 6 P b 0 5 S r 2 C a 2 C u 3 O g 
compos i t ion by s in te r ing i n 0 2 at 940 - 955°C for 6 h (Sample 14D a n d 
15D) p r o d u c e d d o m i n a n t T11212 phase together w i t h m i n o r T11223 phase. 
C o m p a r i n g the resultant phases f o r m e d for Sample 8C a n d Sample 15D, i t is 
clear that the f o r m a t i o n o f 1223 phase is p r o m o t e d w h e n the non-s to ich iomet r ic 
s tar t ing compos i t ion T1 Q 5 Pb Q 5 S r 1 6 C a 2 4 C u 3 0 9 is used. O u r results also ind ica te 
that p repara t ion o f single phased T11223 may requ i re hea t ing i n a closed system 
for longer than 3 h . 
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1 1 
Sample 8C 
i 1 1 i r 
0 10 20 30 40 50 60 
2 0 (degrees) 
Fig. 1: X-ray diffraction patterns for dominant T12223 (sample 3A) and 
T11223 (sample 8C). * indicates minor T11212 phase 
50 100 150 200 250 300 
Temperature (K) 
Fig. 2: Normalized resistance versus temperature curve for (a) T12223 
(sample 3A) and (b) dominant T11223 (sample 8C) 
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C O N C L U S I O N 
I n conc lus ion , we observed that pu re T12223 w i t h T o f 106-109 K can be 
p r e p a r e d i n a non-c losed system f r o m c o m p o n e n t oxides w i t h s t a r t i ng 
c o m p o s i t i o n s T l 2 B a 2 C a 2 C u 3 O 1 0 o r T l , 6 B a 2 C a 2 4 C u 3 O 1 0 . W e f o u n d t h a t 
approx imate ly 20 m i n o f hea t ing at 910°C is sufficient fo r f o r m a t i o n o f single-
phased T12223. However , for T11223, o u r study indicates tha t f o r s ta r t ing 
compos i t i on T l ^ P b ^ S r ,
 6 C a 2 4 C u 3 O g p r o l o n g e d hea t ing o f 3 h o r l o n g e r i n a 
closed system is r e q u i r e d to f o r m d o m i n a n t T i l 2 2 3 phase. We observed tha t f o r 
b o t h T i l 2 2 3 a n d T12223, f o r m a t i o n o f the phases is very sensitive to the 
s in te r ing tempera ture whose o p t i m u m value exists w i t h i n a na r row t empera tu re 
range. 
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A B S T R A K 
Kertas ini melaporkan pengukuran spektroskopi impedans getah asli terepoksida 
yang dilakukan dengan menggunakan spektrometer dielektrik pada suhu 303, 
313, 333, 353 dan 373 K dalam jula t frekuensi 10 2 ke 10 6 Hz. Hasil eksperimen 
menunjukkan bahawa frekuensi santaian atau cirian bagi Z " , komponen maya 
impedans, bertambah dengan penambahan suhu. Model rangkaian litar setara 
(RC) yang dicadangkan di dalam kajian in i adalah bersetuju dengan data uji 
kaji yang diperoleh untuk julat frekuensi 10~2 - 10 6 Hz. 
A B S T R A C T 
This paper reports the measurement o f impedance spectroscopy of epoxydized 
natural rubber by using a dielectric spectrometer at temperatures o f 303, 313, 
333, 353 and 373 K in the frequency range o f l ( r 2 to 10 6 HZ. Experimental 
results showed that the characteristic or relaxation frequency of Z " , the 
imaginary component of the impedance, increased with increasing temperature. 
The equivalent circuit network model (RC) proposed in this work is in good 
agreement with the experimental data obtained for the frequency range of 
l ( r 2 - 10 6 Hz. 
Kata kunci : Impedans, masa santaian, litar setara 
P E N G E N A L A N 
Spektroskopi impedans banyak d igunakan te ru tama u n t u k menganalisis santaian 
e l ek t r ik pada bahan i o n i k (Zhigao et al 1992) d a n kaca penga l i r ( W o n g d a n 
A n g e l l 1976; Macedo et al 1972). O l e h i t u p e n c i r i a n impedans da l am getah asli 
te repoksida dapat d i p e r i h a l k a n da r ipada p e n g u k u r a n impedans spekt roskopi 
m e n g g u n a k a n sumber u l a n g a l ik yang d i k e n a k a n kepada sampel berkenaan . 
B i l a suatu m e d a n u l a n g a l ik dengan keupayaan V*(a))=V0exp j(a>f) merentas i 
suatu l i t a r RC selari , arus u l a n g a l ik I*(a))=I0exp j(a)t+d) akan t e r a r u h da lam 
sistem tersebut, i a i t u V0 dan I Q m e r u p a k a n a m p l i t u d bagi vo l t an dan arus, 
manakala j d a n co adalah masing-masing n o m b o r k o m p l e k s (f = -1) dan 
frekuensi sudut m e d a n u l a n g a l ik serta 6 adalah beza fasa ( H i p p e l 1954). O l e h 
i t u impedans bagi sistem adalah 
M o h d Noor Mat, W. Mahmood Mat Yunus, W. M . Daud W. Yusoff & Zainul Abid in Hassan 
z * ( « , ) - M . z ' ( « ) - > z » (i) 
KaiLan impedans kompleks dengan kapasitan b o l e h d i tu l i s sebagai be r iku t : 
Z*(a>) = (2) 
v ;
 ja)C*((o) 
dengan C*(co) = C(co) - jC(co), i a i t u C adalah bahagian nyata d a n C" 
adalah bahagian khayal yang mana C{(o) adalah n i l a i p e n g u k u r a n kapasitan 
nyata (C) terhadap frekuensi dan C{o)) d i k i r a da r i n i l a i konduk tans (G) 
terhadap frekuensi (C(co) « G/co). O l e h i t u 
/ x c * H c'((o) 
Z*(co) = — i - J
 r - j — t 3 ) 
V
 ' <o(c{a)) + C'2{a>)) J CD(C2{CO) + C,2(CO)) 
dengan m e m b a n d i n g k a n ( 1 ) d a n ( 3 ) , bahagian nyata dan khayal impedans 
u n t u k kes i n i b o l e h d i t e n t u k a n . 
Bagi l i t a r setara RC selari (Rajah la), impedans kompleks pada f rekuensi 
sudut ia lah 
1 + (COTJ l + (c6rr) 
dengan r * RC ia lah masa santaian. O l e h kerana impedans yang d i p e r o l e h 
m e l a l u i h u b u n g a n ( 4 ) adalah l e b i h sesuai u n t u k sampel seperd cecair e l e k t r o l i t 
(kes u n g g u l ) , selanjutnya p e r l u m e n g u b a h suai f o r m u l a e m p i r i k u n t u k 
menyesuaikan kes-kes u j i kaji yang t idak u n g g u l khususnya sampel pepejal . 
O l e h i t u , kapasitor semesta yang d i p e r k e n a l k a n o l eh Jonscher (Jonscher 1 9 8 3 ) 
p e r l u d igunakan i a i t u 
C*(a>)=B(jto)p-1 . C 0 | X | r i n ^ | j _ ^ | j j ( 5 ) 
( i r 1 
dengan B d i t a k n f k a n sebagai C01—— J dan to = 2Jtfc, dengan m e n g g u n a k a n 
kapasitor semester, pemer iha l an spektroskopi impedans bagi sistem i n i akan 
menjad i l e b i h m u d a h . 
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Bagi menyesuaikan hasil u j i kaj i dengan peng i raan f o r m u l a e m p i r i k , p 
m e n g a m b i l n i l a i d i antara 0 dan 1. C*(o>) sebenarnya adalah gabungan selari 
antara kapasitor C((u) = bof1 dan konduk tans G(co) = aof ( 4 ) . J ika p = 1, ianya 
adalah kapasitor d a n b i l a p = 0, ianya adalah impedans . W a l a u baga imanapun 
rangka ian l i t a r setara b o l e h d i b e n t u k berdasarkan gabungan selari atau sir i 
kapasi tor semesta (Rajah lb) yang bers i r i dengan r i n t a n g a n e l ek t rod , Rs, 
impedans b o l e h d inya takan sebagai 
Z * ( a i ) . 1 
jco(c;+c;) 
Rn 
fc ) 
kos\q — \-
'fM£, sin\ q 
+ R< (6) 
dengan C* = A(jco)^1 d a n C* = B(jcoi)^ ( 12 ) , manaka la A d a n B d i t a k r i f k a n 
sebagai A = — 
R0 
/ i \P-1 
d a n B = 
i i V 
dengan coc = 2jvfc. Pemalar p d a n q 
m e n g a m b i l n i l a i d i antara 0 d a n 1. 
Selain penyerakan te rhadap f rekuensi , impedans k o m p l e k s j u g a b e r u b a h 
dengan suhu. O l e h i t u tenaga pengak t i fan b o l e h d i p e r o l e h da r i kece runan 
p l o t A r r h e n i u s m e l a l u i h u b u n g a n (7) i a i t u (Jonscher 1977): 
(7) 
dengan f adalah f rekuensi apabi la m a g n i t u d impedans khayalan m a k s i m u n , fQ 
m e r u p a k a n f rekuensi pada suhu T 1 = 0, E, k d a n T masing-masing m e r u p a k a n 
tenaga pengakdfan , pemala r B o l t z m a n dan suhu d a l a m u n i t K e l v i n . 
R 
a) b) 
c: 
•Mr 
c c; 
Rajah 1 : (a) Kombinasi RC secara selari (b) Kombinasi kapasitor secara selari 
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K A E D A H U J I K A J I 
Dua j e n i s sampel getah asli terepoksida i a i tu SMR5 dan ENR25 dengan setiap 
satunya m e n g a n d u n g i komposis i k a r b o n 50 dan 75 peratus, sama seperti yang 
d i l a p o r k a n o l e h M o h d N o o r ( M o h d N o o r et al 1999), te lah d igunakan u n t u k 
kajian i n i . Sampel-sampel i n i kemud iannya d i r u j u k sebagai a, dan a 2 u n t u k 
SMR5 (50% k a r b o n ) dan SMR5 (75% ka rbon ) serta b , dan b 2 u n t u k ENR25 
(50% k a r b o n ) dan ENR25 (75% k a r b o n ) . Penyediaan sampel u n t u k kegunaan 
kajian i n i d i v u l k a n k a n pada suhu 423 K d i da l am satu bekas besi yang d i b u a t 
khusus bersaiz da laman 17.6 c m x 17.6 c m dengan ketebalan 0.05, 0.1 dan 0.2 
c m dengan masa pemvu lkanan masing-masing 10, 7, 10 dan 7 m i n i t u n t u k 
setiap satu. 
Impedans kompleks sampel-sampel i n i dapat d i t e n t u k a n d a r i p e n g u k u r a n 
kapasitans kompleks me la lu i persamaan ( 3 ) . Bagi tu juan i n i , sampel-sampel 
berkenaan d i l e takkan d i antara dua e l ek t rod da l am sel yang b o l e h d ikawal 
suhunya. Pengukuran kapasitans kompleks sampel-sampel i n i d i l akukan dengan 
t ekn ik piawai ( M o h d N o o r et al 2001) m e n g g u n a k a n Spekt rometer D i e l e k t r i k 
da lam j u l a t f rekuensi 1 0 2 ke 10 6 H z pada suhu 303, 313, 333, 353 dan 373 K. 
H A S I L D A N P E R B I N C A N G A N 
Rajah 2 m e n u n j u k k a n penyerakan impedans i a i t u l o g impedans kompleks 
lawan l o g frekuensi u n t u k setiap suhu . Hasi l penyerakan i n i , m a k l u m a t masa 
santaian fc da l am j u l a t f rekuensi (jenis proses p e n g u t u b a n ) d i k e n a l pasti . 
Rajah 2 j u g a m e n u n j u k k a n bahawa n i l a i f rekuensi puncak setiap penyerakan 
impedans khayal sampel a l S teranjak kekanan ( m e n i n g k a t ) i a i t u m e n i n g k a t 
dengan peningkatan suhu. Plot A r r h e n i u s frekuensi p u n c a k ^ lawan Tx (Jonscher 
1977) u n t u k sampel i n i d i t u n j u k k a n da lam Rajah 3. 
Tenaga pengakt i fan u n t u k semua sampel a,, a 2, b , d a n b 2 d idapa t i masing-
masing be rn i l a i 0.25 ± 0.03 eV, 0.12 ± 0.03 eV, 0.35 ± 0.02 eV d a n 0.20 ± 0.08 
eV. Penganalisisan berdasarkan kekonduks i an arus terus d i da l am sampel-
sampel i n i mendapa t i tenaga pengakt i fan u n t u k sampel-sampel a 1 ? a 2, b , d a n b 2 
masing-masing b e r n i l a i 0.31 ± 0.03 eV, 0.17 ± 0.04 eV, 0.34 ± 0.03 eV d a n 
0.27 ± 0.08 eV ( M o h d N o o r et al 2000) . Pe rband ingan d i antara kedua<iua n i l a i 
i n i d idapa t i bahawa tenaga pengakt i fan yang d i p e r o l e h m e l a l u i kedua-dua 
kaedah tidak sama yang menjelaskan bahawa proses yang b e r l a k u d i d a l a m 
kedua-dua kaedah tidak sama d a n b e r k e m u n g k i n a n pembawa u n t u k kedua-
duanya j u g a tidak sama manakala tenaga pengakt i fan u n t u k kedua-dua kaedah 
bagi sampel b , n i la inya h a m p i r sama yang menjelaskan bahawa proses yang 
sama be r l aku d i da lam kedua-dua kaedah yang disebabkan o l e h pembawa yang 
sama (L iv ings ton 1999; H u m m e l 1992). 
N a m u n beg i tu tenaga pengakt i fan u n t u k setiap sampel yang d i p e r o l e h d a r i 
kedua-dua kaedah i n i adalah be rku rangan dengan pen ingka t an kompos is i 
ka rbon . Penjelasan ten tang pe r l akuan i n i akan d i b i n c a n g k a n d a l a m kertas yang 
berasingan. 
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Plo t Cole-Cole pu l a d i t u n j u k k a n da lam Rajah 4. Pada asasnya d i h a r a p k a n 
l e n g k u n g separuh bu la t an s e m p u r n a atau h a m p i r kepada separuh bu la tan 
s empurna d i p e r o l e h i d a r i p l o t i n i . Has i l u j i kaj i yang d i p e r o l e h m e n u n j u k k a n 
harapan i n i d i p e n u h i . P lo t Cole-Cole (Rajah 4) j u g a menjelaskan bahawa ZO 
semakin kec i l apabi la suhu semakin t i n g g i . O l e h i t u impedans b e r k u r a n g a n 
apabila suhu meningka t . Perlakuan sampel i n i menyerupa i bahan semikonduktor . 
K e k o n d u k s i a n ( 1 / p ) d i d a l a m sampel i n i b e r k u r a n g a n d isebabkan o l e h 
pen ingka t an tenaga t e rma yang m e n g h a l a n g ke l incahan l o m p a t a n e l e k t r o n 
i a i t u j a r a k antara zarah-zarah atau b u t i r a n k a r b o n d i da l am bahan semakin j a u h 
apabi la suh u m e n i n g k a t ( M o h d N o o r 2000) . E l e k t r o n d i p i n d a h k a n da r ipada 
satu j a l u r ke j a l u r seterusnya d i da l am bahan m e l a l u i transisi antara j a l u r 
(Ashrof t d a n M e r m i n 1976; K i t t e l 1976; H u m m e l 1992) . 
L e n g k u n g serakan bagi impedans khayal te rhadap f rekuensi adalah bersifat 
s ime t r i u n t u k setiap sampel pada setiap suhu . I n i menjelaskan bahawa sampel 
i n i adalah sejenis bahan s e m i k o n d u k t o r (Zhigao et al. 1992) . Rajah 5 adalah 
c o n t o h kesesuaian data e k s p e r i m e n d e n g a n data p e n g i r a a n yang d i b u a t 
m e n g g u n a k a n f o r m u l a e m p i r i k impedans kompleks u n t u k sampel a t pada suhu 
373 K. N i l a i - n i l a i d a r i f o r m u l a e m p i r i k yang bersesuaian dengan data kajian 
d isenara ikan d a l a m Jadua l 1. 
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26 27 
lOOO/TOC*) 
Rajah 3: Plot frekuensi puncak melawan T} bagi sampel SMR5 dengan 
kandungan karbon 50 peratus (sampel af) 
*
 x x
 x 
O 303°K 
O 313*K 
X 333TK 
A 36^K 
O S73PK 
J 
1XX1C? t2x«f 
Z (ohm) 
Rajah 4 : Plot impedans Cole-Cole bagi sampel SMR3 dengan kandungan karbon 
50 peratus pada suhu 303, 313, 333, 353 dan 373 K 
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0 2 4 6 
Logf<Hz) 
Rajah 5 : Contoh kesesuaian hasil uji kaji dan formula empirik bagi sampel SMR3 dengan 
50 peratus komposisi karbon pada suhu 373 K. Simbol adalah data eksperimen manakala 
garis adalah berdasarkan perkiraan dari litar setara 
J A D U A L 1 
Hasil kesesuaian secara empirik eksperimen dan perkiraan menggunakan persamaan 
(6) untuk setiap sampel pada setiap suhu 
Sampel Suhu P q fc R0 Rs 
(K) (Hz) (ohm) (ohm) 
SMR5 303 0.997 0.00 9 1.28E+7 170 
50% 313 0.997 0.002 14 7.50E+6 170 
karbon 333 0.993 0.0005 19 6.50E+6 170 
353 0.993 0.0005 38 3.10E+6 170 
373 0.98 0.0005 60 1.45E+6 170 
SMR5 303 0.99 0.0004 850 1.70E+5 45 
75% 313 0.993 0.0015 850 1.80E+5 45 
karbon 333 0.992 0.0005 1100 1.30E+5 45 
353 0.992 0.0009 1300 1.00E+5 45 
373 0.991 0.0005 1650 5.00E+5 45 
ENR25 303 0.95 0.00001 35 5.10E+5 130 
50% 313 0.95 0.005 45 3.77E+5 130 
karbon 333 0.90 0.02 80 1.99E+5 130 
353 0.86 0.04 170 9.00E+4 130 
373 0.80 0.16 350 4.40E+4 130 
ENR25 303 0.98 0.00001 250 2.20E+5 80 
75% 313 0.987 0.0004 440 1.00E+5 80 
karbon 333 0.984 0.00003 450 9.70E+4 80 
353 0.98 0.002 500 8.30E+4 80 
373 0.98 0.006 1430 1.50E+4 80 
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K E S I M P U L A N 
Sifat impedans getah asli terepoksida pada suhu d i antara 303 K d a n 373 K 
da lam j u l a t frekuensi 1 0 2 ke 10 6 H z telah dijelaskan. Frekuensi santaian atau 
c i r i a n p u n c a k penyerakan impedans khayal adalah suatu proses terakt i f . 
Per lakuan impedans sampel-sampel i n i dianalisis berdasarkan p e m e r i h a l a n sifat 
bahan s emikonduk to r . Berdasarkan hasil eksper imen, n i la i -n i la i pemalar d a n 
p e m b o l e h ubah yang sepadan da lam f o r m u l a e m p i r i k dapat d i t e n t u k a n . 
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ABSTRAK 
Adunan getah asli (NR) dan polistirena (PS) telah disediakan dengan kaedah 
leburan menggunakan mesin plasticorder pada komposisi yang berlainan. 
Adunan telah dilakukan pada kadar rpm, suhu 120°C dalam masa 15 minit . 
Penambahan wfenilenabismaleimida (HVA-2) dan getah asli cecair (LNR) ke 
dalam adunan pada komposisi NR/PS 60/40 dan 70/30, didapati meningkatkan 
sifat-sifat mekanik adunan. HVA-2 dipercayai berkeupayaan menyeragamkan 
pembentukan taut silangan terutamanya dalam fasa getah. Komposisi opt imum 
HVA-2 dan LNR bagi adunan NR/PS 60/40 adalah masing-masing 1.2-1.3 phr 
dan 5% LNR. Bagi adunan 70/30, kepekatan opt imum adalah 1.6 - 1.7 phr 
dan 10% L N R 
A B S T R A C T 
Polystyrene (PS) and Natural Rubber (NR) were prepared by melt blending of 
the materials in a plasticorder mixer for two compositions. The processing 
conditions were a mixing rate o f 50rpm, a duration o f 15 min and a temperature 
o f 120°C. The mechanical properties of the blend had improved significantly 
wi th the addit ion of HVA-2 and L N R into the blends. The effect o f 
THrphenylenebismaleimide (HVA-2) and Liqu id Natural Rubber (LNR) on the 
curing properties o f NR/PS 60/40 and 70/30 blends were evaluated. Formation 
o f cross links within the phase was observed to increase on additionof HVA-a. 
The crosslinking reactions seemed to focus predominantly in the NR phase as 
these reagents were more soluble in it. The most efficient composition o f 
HVA-2 were o f 1.2 - 1.3 phr for blends o f NR/PS 60/40 with 5% L N R At a 
composition of NR/PS 70/30 with 10% LNR, the opt imum amount o f HVA-2 
as 1.6 - 1.7 phr. 
Kata kunci: Polistirena, getah asli, HVA-2, getah asli cecair 
P E N D A H U L U A N 
Pengadunan dua atau l e b i h p o l i m e r yang be r l a inan b o l e h m e n i n g k a t k a n 
sebahagian dar ipada sifat-sifat f iz ikal d a n m e k a n i k a l . Secara u m u m getah asli 
t e rmoplas t ik ( T P N R ) b o l e h d ibahag i kepada dua ka tegor i i a i t u T P N R be rg red 
l e m b u t d a n T P N R b e r g r e d separa tegar ( T i n k e r 1987: G e l l i n g d a n T i n k e r 
1988). U m u m n y a j i k a kompos i s i t e rmop las t ik m e l e b i h i N R , T P N R adalah 
sebagai separa tegar yang m e m p u n y a i kekua tan h e n t a m a n yang t i n g g i t e ru tama 
pada suhu r e n d a h ( G e l l i n g d a n T i n k e r 1988). Bagi T P N R be rg red l e m b u t pu la , 
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k a n d u n g a n N R ada lah t i n g g i d a n b o l e h d ike l a skan sebagai e l a s tomer 
te rmoplas t ik . 
Penambahan H V A - 2 ke da l am adunan N R / P P b o l e h m e n a m b a h kekua tan 
tegangan dan kekuatan r i n t angan koyakan adunan ( E l l i o t t dan T i n k e r 1985) . 
Penambahan H V A - 2 ke da l am adunan ge t ah / t e rmop la s t i k d idapa t i b o l e h 
m e n y e m p u r n a k a n lagi beberapa sifat adunan . I n i te lah d i t u n j u k k a n o l e h 
beberapa penye l id ik te rhadap adunan N R / P P ( T i n k e r 1984; C a m p b e l l 1978; 
Me thew dan T i n k e r 1986). M e n u r u t T i n k e r (1984) sifat hen t aman m e n i n g k a t 
dengan penambahan sediki t H V A - 2 yang be r t i ndak sebagai agen taut s i lang 
dalam fasa getah. Di jangkakan HVA-2 dapat be r t indak sebagai agen pematangan 
kepada adunan N R / P S . A r t i k e l i n i akan m e m b i n c a n g k a n penyediaan T P N R , 
a d u n a n N R / P S d e n g a n w - f e n i l e n a b i s m a l e i m i d a ( H V A - 2 ) sebagai agen 
pematangan. Secara r ingkas mekanisme pemvu lkanan m e n g g u n a k a n H V A - 2 
d i t u n j u k k a n seperti b e r i k u t (Kovacic dan H e i n 1959): 
P O O P 
-> 2PO» 
PO* + R H -> P O H + R* 
R* + M M -> R M M * 
R M M * + R H -» R M H M +R* 
R* + R M H M 
-» R M H M R * 
R M H M R * + R H -> R M H M H R + R* 
R* + R* -> R - H 
R* + R M M • -> R R M M 
R* + R M H M R * R M H M R R 
R M M * 1 + R M M * R M M M M R 
R M H R M * + R M M * -> R M H R M M M R 
R M H R M * + R M H R M * 
-> R M H R M M R H M R 
Ia i tu P O O P ialah o r g a n i k peroks ida dan M M ia lah b i smale imida . 
E K S P E R I M E N 
Bahan-bahan 
Bahan-bahan yang d igunakan ia lah getah asli ( N R ) j e n i s SMR-L yang d ibeka lkan 
o leh G u h r i e ( M ) Sdn B h d . , Pol is t i rena (PS) d i p e r o l e h d a r i Pe t rochemica l ( M ) 
Sdn B h d . , T o l u e n a yang ber jenama M e r c k da r i G e r m a n d a n agen penau t s i lang 
w-fei lenabismaleimida ( H V A - 2 ) d idapa t i da r i T rade T C I M a r k , T o k y o . 
Penyediaan Sampel 
Getah asli cecair ( L N R ) d ihas i lkan me la lu i tindak balas pengoks idaan f o t o k i m i a 
getah asli ( I b r a h i m 1996). A d u n a n N R / P S disediakan da l am 2 kompos i s i i a i t u 
7 0 / 3 0 dan 6 0 / 4 0 m e n g g u n a k a n H V A - 2 sebagai agen penau t s i lang bersama 
L N R sebagai pengserasi. Pengadunan d i l akukan selama 15 m i n i t pada kadar 
pu ta ran r o t o r 50 r p m dan suhu 120°C. Mes in pengadunan yang d i g u n a k a n 
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adalah Brabende r P L 2000 berkawalan k o m p u t e r dengan p e n c a m p u r W 5 0 E / 2 
yang ber is i p a d u 55 c m 3 . 
N R d i m a s u k k a n ke da l am mes in p e n g a d u n dan d i i k u t i satu m i n i t k e m u d i a n 
o l e h L N R . PS d imasukkan pada m i n i t ke-3 d a n agen penau t s i lang pada m i n i t 
ke-5, bahan d i a d u n k a n selama 15 m i n i t . A d u n a n yang mas ih panas d i k e l u a r k a n 
dan d i t e k a n d i d a l a m penekan panas h i d r o l i k . T e k a n a n sebanyak 7 tan m e t r i k 
d i k e n a k a n selama 10 m i n i t pada suhu 170°C. K e p i n g a n setebal 1 m m d a n 
3 m m yang terhasi l k e m u d i a n d i k e l u a r k a n dan d i b i a r k a n m a t a n g selama 3 h a r i 
sebelum pengu j i an fizikal d i l a k u k a n . 
K a n d u n g a n H V A - 2 yang d i g u n a k a n pada tahap 0.0, 0 . 1 , 0.9, 1.7, 2.5 p h r . 
A d u n a n d i l a k u k a n m e n g i k u t fo rmulas i sepert i d i da l am Jadua l 1. 
J A D U A L 1 
Formulasi adunan 
Komposisi 60:40 Komposisi 70:30 
I I I I I I I I I I I I 
NR (%) 60 55 53 70 65 60 
PS (%) 40 40 40 30 30 30 
L N R ( % ) 0 5 7 0 5 10 
HVA-2 (phr) X X X X X X 
Petunjuk : x adalah kuan t i t i HVA-2 yang berubah 
P E N C I R I A N S I F A T M E K A N I K 
(a) Ujian Regangan 
M e s i n u j i an Universa l I n s t r o m M o d e l 4301 dengan sel m u a t a n sebesar 1 k N 
d i g u n a k a n . K e p i n g a n sampel setebal 1 m m d i p o t o n g kepada b e n t u k " d u m b e r , 
u n t u k u j i an tegangan. Kela juan t a r ikan ia lah 50 m m / m i n i t m e n g i k u t s tandard 
A S T M D 638. Suhu dan ke l embapan m a k m a l semasa u j i an d i j a l ankan adalah 
T = 25°C d a n R H = 65%. U j i a n d i j a l ankan ke atas 7 sampel d a n n i l a i pura ta 
d i a m b i l d a r i 5 bacaan terbaik . 
(b) Ujian Kekerasan 
Kekerasan d i u k u r d e n a n m e n g g u n a k a n D u r o m e t e r Shore A d a r i j e n i s Zwick 
M o d e l 3100 berasaskan A S T M D-2240-. T e b a l sampel yang d i p e r l u k a n t idak 
k u r a n g d a r i 3 m m d a n u k u r a n d i b u a t be rdasarkan kepada k e d a l a m a n 
penembusan i n d e n t o r tersebut. 
(c) Ujian Hentaman 
U j i a n i n i d i j a l ankan m e n g i k u t kaedah I z o d m e n g g u n a k a n mes in B a n d u l D i g i t a l 
Universa l Froctoscope (CEAST) 6 5 4 6 / 0 0 0 berdasarkan kepada A S T M D 256-88. 
Sampel u j i an da r i k e p i n g a n 3 m m d i p o t o n g m e n g g u n a k a n alat H o l l o w D i e 
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Puncher dan p e m o t o n g N o t c h Davenpor t d igunakan u n t u k m e m b e n t u k takuk 
1 m m pada bahagian tengah. 
Darjah Taut Silang 
Uj ian pembengkakan d i ja lankan m e n g i k u t piawaian A S T M D 3616. T i g a 
k e p i n g sampel u j ian yang b e r u k u r a n 1 c m x 1 c m d i t i m b a n g d a n d imasukkan 
ke da l am t abung u j i yang m e n g a n d u n g i pe la ru t to luena selama 24 j a m . 
K e m u d i a n sampel d ike lua rkan dan d i l apkan pe rmukaannya dengan kertas 
turas l a lu d i t i m b a n g dengan segera. Sampel tersebut d i k e r i n g k a n d i udara 
selama satu ha r i sebelum d i k e r i n g k a n d i da lam ke tuhar v a k u m pada suhu 60°C 
sehingga mendapa t berat malar . 
K E P U T U S A N D A N P E R B I N C A N G A N 
Indeks Pembengkakan 
Rajah 1(a) dan Rajah 1(b) masing-masing menun jukkan pengaruh HVA-2 terhadap 
p e m b e n t u k a n taut si langan bagi adunan 6 0 / 4 0 d a n a d u n a n 7 0 / 3 0 . H V A - 2 
berkesan da lam mewujudkan interaksi d i antara fasa da lam adunan . Perubahan 
da lam indeks pembengkakan dengan komposis i H V A - 2 m e n u n j u k k a n wujudnya 
rangkaian taut si langan da lam matr iks apabila reagen i n i d i c a m p u r ke da l am 
adunan . 
Rajah 1(a) m e n u n j u k k a n bahawa darjah taut si langan bagi a d u n a n 0%, 5% 
dan 7% L N R m e n i n g k a t dengan penambahan H V A - 2 da l am a d u n a n sehingga 
1.7 p h r dan seterusnya men jad i malar . Bagi adunan 7% L N R , dar jah taut 
silangan r endah apabila d i b a n d i n g k a n dengan a d u n a n 5% L N R tetapi l e b i h 
t inggi dar ipada adunan 0% L N R . H V A - 2 t e l ahpun d i l a p o r dapat b e r t i n d a k 
sebagai agen taut si lang da lam fasa getah (Methew dan R inke r 1986). Kehad i r an 
L N R sebanyak 5% da lam a d u n a n b o l e h m e n g u r a n g k a n indeks p e m b e n g k a k a n 
sebanyak 47% manakala apabi la l e b i h banyak L N R d i t a m b a h i a i t u 7%, indeks 
pembengkakan hanya b e r k u r a n g sebanyak 18% pada kepeka tan 1.7 p h r 
HVA-2 . N i l a i indeks pembengkakan b e r k u r a n g da r i 25 kepada 17 apabi la 
adunan d i t ambah 5% L N R pada kepekatan 0.1 p h r H V A - 2 . L N R sebagai 
pengserasi da lam adunan T P N R te l apun d i l a p o r k a n (Sah r im d a n I b r a h i m 
1992; Sahr im et al. 1994). Rajah 1(b) m e n u n j u k k a n bahawa pada kepekatan 1.7 
p h r H V A - 2 n i l a i indeks pembengkakan bagi ketiga-tiga a d u n a n adalah h a m p i r 
sama d a n seterusnya men jad i malar . Pada kepekatan 0.1 p h r H V A - 2 n i l a i 
indeks b e r k u r a n g masing-masing d a r i 30.5 kepada 18.2 d n a 20.9 apabi la 
adunan d i t ambah 10% dan 5% L N R . 
I n i akan menghas i lkan adunan berkekuatan tinggi dan akan ter jadi apabi la 
kuan t i t i penjana rad ika l dan tahap r i c i h a n dapat d i i m b a n g k a n . 
Degradisi bahan ber laku semasa proses p e r c a m p u r a n adunan . Daya r i c i h a n 
dapat memutuskan j a r i n g a n taut si langan dan m e r u n t u h k a n m o r f o l o g i yang 
dib ina . Pemprosesan ber lebihan akan menghasi lkan adunan yang l e m b u t dengan 
kekuatan regangan yang rendah . Keadaan i n i ter jadi apabila p e m b e n t u k a n taut 
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silangan be r l aku dengan pantas dan t e r t u m p u kepada sesuatu bahagian d a n 
dengan i t u pematangan t idak sekata. 
Penjanaan rad ika l be r l aku semasa pengadunan akibat d a r i tindak balas 
pengabstrakan h i d r o g e n o l eh rad ika l yang terhasil da r i degradasi H V A - 2 . 
M a k r o r a d i k a l p o l i i s o p r e n i l yang terjadi pada kadar yang t i ngg i akan b e r c a n t u m 
m e m b e n t u k j a r i n g a n taut silangan antara rantai pol i isoprena. Akibatnya kel ikatan 
fasa N R akan m e n i n g k a t dan menjad i se tanding dengan fasa PS dan keadaan 
i n i m e m u n g k i n k a n p e r c a m p u r a n antara N R dan PS. Pemben tukan gugusan 
zarah N R j u g a akan terjadi d i sekitar pusat tindak balas r ad ika l dan sebahagian 
d a r i r ad ika l akan t e r k u m p u l d i p e r m u k a a n zarah yang akan be r t i ndak sebgai 
pusat aktif . Kewujudan pusat a k t i f b o l e h m e n i n g k a t k a n pelekatan antara fasa 
da lam adunan . T i n d a k balas i n i menyebabkan p e m b e n t u k a n rangkaian taut 
si lang yang luas dan adunan men jad i matang, keras d a n kuat. L a g i pesat dan 
luas p e m b e n t u k a n j a r i n g a n taut si langan akan m e n a m b a h k a n lagi kekuatan 
bahan. 
Sifat Mekanik 
(a) Tegasan 
Rajah 2 m e n u n j u k k a n p e n g a r u h H V A - 2 terhadap kekuatan tegasan. Secara 
amnya n i l a i kekuatan tegasan m e n i n g k a t dengan kepekatan H V A - 2 da l am 
adunan ke suatu paras m a k s i m u m dan m e n u r u n selepas i t u . Co ran dan Patel 
(1980) me laporkan yang kekuatan tegangan bagi termoplas t ik elastomer E P D M / 
PP m e n i n g k a t dengan dar jah p e m b e n t u k a n taut silang. A p a b i l a sebanyak 
5% L N R d i tarn bah ke da lam adunan 6 0 / 4 0 , amaun H V A - 2 yang d i p e r l u k a n 
u n t u k mencapai kekuatan tegasan m a k s i m u m b e r k u r a n g da r i 1.7 p h r kepada 
1.25 ph r . Sebaliknya n i l a i kekuatan tegasan m a k s i m u m m e n i n g k a t da r i 5.8 
M p a kepada 7.4 M p a . N a m u n apabila l e b i h banyak L N R d i t a m b a h i a i t u 7%, 
n i l a i i n i t u r u n semula kepada 5.6 M p a . 
Bagi adunan 7 0 / 3 0 , kekuatan tegasan m a k s i m u m yang b o l e h dicapai l e b i h 
t ingg i i a i tu 8.5 M p a pada kepekatan 1.7 p h r H V A - 2 dan 10% L N R . Penambahan 
5% L N R hanya m e n i n g k a t k a n 5.5% kekuatan tegasan m a k s i m u m . Ketiga-tiga 
adunan yang berkomposis i 7 0 / 3 0 m e m e r l u k a n 1.7 p h r H V A - 2 u n t u k mencapa i 
kekuatan yang m a k s i m u m . M e n u r u t M e t h e w dan T i n k e r (1986) , H V A - 2 b o l e h 
menyebabkan taut si langan da lam fasa getah seterusnya m e m b e r i kekuatan 
tegasan yang l eb ih tinggi. 
(b) T e r i k a n 
Pengaruh H V A - 2 ke atas t e r ikan putus adalah seperti d i p a m e r k a n o l e h Rajah 3. 
G r a f i n i secara amnya m e n u n j u k k a n kena ikan n i l a i t e r i kan putus apabi la 
kepekatan H V A - 2 da lam adunan ber tambah . N i l a i t e r ikan putus bagi a d u n a n 
6 0 / 4 0 yang dapat dicapai adalah 500% pada kepekatan 1.65 p h r H V A - 2 d a n 
5% L N R . Penambahan sebanyak 7% L N R adunan 6 0 / 4 0 menyebabkan t e r ikan 
putus be rku rang kepada 450%. Bagi adunan tanpa L N R , t e r ikan putus yang 
dicapai men ingka t da r i 50% kepada 280% apabila d i t a m b a h 1.7 p h r H V A - 2 
ke da lam adunan . 
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0 0.5 1 1.5 2 2.5 3 
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(a) Adunan 60/40 
1 0 T 
0 0.5 1 1.5 2 2.5 3 
Kep. HVA-2 (phr) 
(b) Adunan 70/30 
Rajah 2: Pengaruh HVA-2 terhadap kekuatan tegasan adunan NR/PS 
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(b) Adunan 70/30 
Rajah 3: Pengaruh HVA-2 terhadap terikan putus adunan NR/PS 
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Bagi a d u n a n 7 0 / 3 0 dengan 10% L N R , n i l a i t e r ikan putus yang dapat 
d i c a p a i j a u h l e b i h tinggi i a i t u 950% pada 1.7 p h r H V A - 2 d a n hanya 220% tanpa 
kehad i r an H V A - 2 . A d u n a n tanpa L N R m e m b e r i t e r ikan putus yang r e n d a h 
i a i t u pada 720% pada kepekatan 1.7 p h r H V A - 2 . Rajah 3 m e n u n j u k k a n 
H V A - 2 b o l e h m e n i n g k a t k a n n i l a i t e r i kan pu tus adunan . N i l a i t e r ikan putus 
yang m e n i n g k a t m e n g g a m b a r k a n wu judnya perekatan yang l e b i h ba ik d i antara 
fasa getah asli dengan fasa po l i s t i rena . D e n g a n i t u wajar d isarankan H V A - 2 
menyebabkan p e n i n g k a t a n in teraks i antara pelbagai fasa da l am adunan . 
(c) Tenaga h e n t a m a n 
H e n t a m a n m e r u j u k kepada r i n t a n g a n sesuatu bahan yang k a k u te rhadap daya 
yang d i k e n a k a n ke atasnya secara menge ju t . Tenaga h e n t a m a n sesuatu p o l i m e r 
atau a d u n a n ia lah keupayaan m e n a h a n d a r i pa tah apabi la d ikenakan tegasan 
(stress) pada kela juan yang tinggi. Kesan p e n a m b a h a n H V A - 2 te rhadap tenaga 
h e n t a m a n d i t u n j u k k a n d a l a m Rajah 4. Penambahan 2.5 p h r H V A - 2 pada 
a d u n a n 5% L N R m e n u n j u k k a n kena ikan d a l a m tenaga h e n t a m a n d a r i 14.4 
kepada 60 J / m . 
0 I ) 1 1 1 \ ! ! 1 
0 0.5 1 1.5 2 25 3 
Kep. rWA-2(prr) 
Rajah 4: Pengaruh HVA-2 terhadap tenaga hentaman bagi adunan 
NR/PS 60/40 
Apab i l a l e b i h banyak L N R d i t ambah i a i tu 7% n i l a i tenaga hen taman m e n u r u n 
kepada 50 J / m . Manaka la bagi a d u n a n tanpa L N R penambahan 1.7 p h r 
H V A - 2 menyebabkan kena ikan tenaga h e n t a m a n hanya d a r i 7.45 kepada 25.8 
J / m . Peranan H V A - 2 d i da lam p e m b e n t u k a n taut s i lang dan perekatan antara 
fasa j u g a dapat d i l i h a t da r ipada p e r u b a h a n n i l a i tenaga hen t aman . Perekatan 
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antara fasa yang dihasi l m e l a l u i pencangkukan dan penyebaran d o m a i n - d o m a i n 
yang m e n y e l u r u h d i da lam adunan telah m e n i n g k a t k a n n i l a i tenaga h e n t a m a n . 
Da lam adunan N R / P P , H V A - 2 telah d i l apo rkan m e m b e r i kesan p e n i n g k a t a n 
kekuatan hen t aman adunan (Methew dan T i n k e r 1986). H V A - 2 berkeupayaan 
u n t u k menggabungkan PP dan radikal getah semasa proses ricihan u n t u k 
m e m b e r i k a n perekatan antara m u k a yang l e b i h ba ik d i antara fasa PP dan fasa 
getah. Pemben tukan taut si langan da lam fasa getah j u g a d i p e n g a r u h i o l e h 
H V A - 2 . Jad i kedua-dua keadaan i n i b o l e h menyebabkan tenaga h e n t a m a n 
adunan N R / P P men ingka t . M e n u r u t Buckna l (1977) kekuatan h e n t a m a n 
sesuatu adunan d i p e n g a r u h i o l eh beberapa faktor seperti perekatan antara 
fasa, m o r f o l o g i fasa serta kekuatan kohes i f fasa getah. 
(d) Kekerasan 
Rajah 5 m e n u n j u k k a n p e n g a r u h HVA-2 terhadap sjfat kekerasan bagi a d u n a n 
N R / P S dan penambahan H V A - 2 telah m e n i n g k a t k a n n i l a i kekerasan Shore A 
adunan . Bagi adunan 6 0 / 4 0 dan 7 0 / 3 0 , n i l a i kekerasan terus m e n i n g k a t 
wa laupun pada kepekatan 2.5 p h r H V A - 2 . N i l a i kekerasan bagi adunan 6 0 / 4 0 
yang d icapai apabila d i t a m b a h 5% L N R adalah 94 Shore A pada kepekatan 2.5 
p h r d a n hanya 80 Shore A tanpa kehad i ran H V A - 2 . Penambahan L N R 
sebanyak 7% bo leh m e n u r u n k a n n i l a i kekerasan kepada 89 Shore A . Bagi 
adunan tanpa L N R , penambahan 2.5 p h r HVA-2 telah men ingka t n i l a i kekerasan 
da r i 71 kepada 87 Shore A . Dar ipada Rajah 5(b), d idapad bahawa kekerasan 
m e n i n g k a t sebanyak 33% apabila d i t ambah 2.5 p h r H V A - 2 ke da lam a d u n a n 
10% L N R . Bagi adunan 0% dan 5% L N R masing-masing m e n u n j u k k a n 
kena ikan kekerasan sebanyak 38% dan 23% apabila d i t ambah 2.5 p h r H V A - 2 ke 
da lam adunan-adunan tersebut. 
100 
1 1 5 2 2.5 
kep. HVA-2 (phr) 
(a) Adunan 60/40 
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(b) Adunan 70/30 
Rajah 5: Pengaruh HVA-2 terhadap kekerasan adunan NR/PS 
K E S I M P U L A N 
Perubahan d a l a m indeks p e m b e n g k a k a n d a n kekua tan regangan dengan 
komposis i H V A - 2 m e n u n j u k k a n wujudnya rangka ian taut s i langan d a l a m 
mat r iks apabi la reagen i n i d i c a m p u r ke da l am a d u n a n . H V A - 2 adalah penjana 
r ad ika l o r g a n i k yang u m u m d i k e t a h u i d a n d i g u n a k a n d a l a m p e m v u l k a n a n 
getah asli. Bagi a d u n a n N R / P S 6 0 / 4 0 a m a u n o p t i m u m H V A - 2 yang d i p e r l u k a n 
adalah 1.3 - 1.3 p h r d a n 5% L N R bagi mencapa i sifat m e k a n i k yang o p t i m u m . 
Bagi a d u n a n 7 0 / 3 0 a m a u n o p d m u m H V A - 2 yang d i p e r l u adalah 1.6 - 1.7 p h r 
dan 10% L N R . 
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A B S T R A K 
Instrumen mudah alih untuk penderia kimia gentian optik telah dibina dalam 
kajian in i menggunakan diod laser sebagai sumber cahaya dan fotodiod 
keadaan-pepejal sebagai pengesan. Peranti yang berkos rendah ini menunjukkan 
rangsangan yang baik dan boleh digunakan dalam tiga jenis titratan asid-bes 
iaitu i.e. asid kuat - bes kuat, asid kuat - bes lemah dan asid lemah - bes kuat. 
Hasil kajian yang diperoleh menggunakan instrumen in i , didapati memberikan 
keputusan yang menyamai keputusan yang diperoleh menggunakan p H meter 
konvensional. 
A B S T R A C T 
A simple low-cost portable optical fibre chemical sensor instrument has been 
developed in this study by using a laser diode as a light source and solid-state 
photodiode as a detector. This inexpensive device is shown to have a good 
response and can be used in three different l iquid acid-base titration studies i.e. 
strong acid-strong base, strong acid-weak base and weak acid-strong base, by 
using a suitable p H indicator. The results obtained by using this instrument 
were found comparable with titration data obtained by using conventional p H 
meter. 
I N T R O D U C T I O N 
C h e m i c a l sensing w i t h op t i ca l f ibres is one o f the mos t in t e res t ing o f the 
e m e r g i n g sensor t echn iques . O p t i c a l f i b r e c h e m i c a l sensors p e r m i t t he 
d e t e r m i n a t i o n o f a wide range o f anions , cations, gases a n d organic c o m p o u n d s 
i n s o l u t i o n o r gas phases (Narayanaswamy 1985) . Impe tus to develop these 
sensors has arisen largely f r o m the need to r ap id ly acqui re data such as 
chemica l compos i t ions o f process streams i n m a n u f a c t u r i n g plants, invivo body 
f luids m o n i t o r i n g fo r c l in i ca l purposes a n d gaseous atmospheres, g r o u n d a n d 
r iver waters f o r p o l l u t i o n m o n i t o r i n g . T h e basic concep t a n d the advantages o f 
chemica l sensors based o n op t i ca l f ibres have been discussed by many authors 
(Narayanaswamy 1985; Seitz 1984; A l d e r 1986; Narayanaswamy a n d Sevilla 1988; 
Wolfbeis 1986; M o r r i s 1989; Narayanaswamy 1993; Saari 1987) . 
T o date , q u i t e a n u m b e r o f o p t i c a l f i b re c h e m i c a l sensors f o r p H 
measurements have been r e p o r t e d i n the l i t e ra tu re . T h e p H indica tors fo r 
these sensors c o u l d be e i the r i m m o b i l i s e d o n a suppo r t (Alabbas et al 1989; 
Musa Ahmad, Mohd. Rosli Kaskandar & Tan Teng Wong 
Wolfbeis et al 1992; M u n k h o l m et al 1986; D i n g et al 1991; K i r k b r i g h t et al 
1984; Peterson et al. 1980; M o r e n o et al, 1990; Gup ta a n d M a r m a 1998; X u et 
at. 1998; G r a n t and Glass 1997; Pi lar et at. 1997; Wallace et al. 1997; M c C u l l o s h 
a n d U t t a m c h a n d a n i 1997; B r o m b e r g et al 1996; Z h a n g et al 1996; N e t t o et al. 
1995; M o t e l l i e r et al 1995, Z h a n g et al 1995, D i n g et al. 1991) o r d i rec t ly used 
i n a so lu t ion f o r m (Bena im et al 1986; Sahr im et al 1996). Z h u et al (1992) has 
r e p o r t e d a s imple opt ica l f ibre p H sensor developed by i n c o r p o r a t i n g a p H 
paper at the tip o f b i furca ted fiber. T h e use o f i m m o b i l i s e d ind ica tors w i l l 
r equ i re the indica tors to be i m m o b i l i s e d to a k i n d o f so l id suppor t such as 
e n t r a p m e n t i n sol-gel f i l m ( D i n g et al 1991; Gup ta and Sharma 1998; G r a n t a n d 
Glass 1997), a m e m b r a n e 2 3 o r by s imple adsorp t ion o n a po lymer i c suppor t 
(Alabbas et al. 1989; K i r k b r i g h t et al. 1984; M o r e n o et al 1990). W i t h o u t 
i m m o b i l i s a t i o n , the p H ind ica to r was n o r m a l l y d i rec t ly added to the so lu t i on 
and the c o l o u r changes were m o n i t o r e d by the opt ica l fibre p robe . T h e signal 
ob ta ined f r o m these sensors, i.e. e i ther reflectance (Alabbas et al 1989; K i r k b r i g h t 
et al 1984; M o r e n o et al. 1990; B e n a i m et al 1986; Sahr im et al 1996; Chr i s t i an 
1994) or fluorescence10,1117'20,26 are cor re la ted to changes i n p H o f the so lu t ion . 
T h e use o f op t ica l fibre chemica l sensor to m o n i t o r the progress o f 
acid-base t i t r a t i o n has ear l ier been r e p o r t e d by Shah r im et al (1996) , B e n a i m 
et al (1986) and M o r e n o et al (1990) T h e first two papers have r e p o r t e d us ing 
free p H indica tors w i t h o u t p r i o r i m m o b i l i s a t i o n i.e. pheno l f t a l i en a n d p h e n o l 
red , respectively. T h e w o r k o f B e n a i m et al (1986) was o n the deve lopmen t o f 
simple opt ical p H sensor ins t rumenta t ion w i t h the probe designed for reflectance 
measurement . However , the type o f acid-base titration ca r r i ed o u t w i t h this 
sensor was n o t m e n t i o n e d . Shah r im et al. (1996) r e p o r t e d the same type o f 
ref lectance p r o b e w i t h a fu l ly c o m p u t e r i z e d i n s t r u m e n t a t i o n system f o r 
acid-base titration between HC1 and N a O H . M o r e n o et al. (1990) has been 
us ing cresol r ed i m m o b i l i s e d o n the anion-exchange resin as an i nd i ca to r i n 
acid-base titration between N a O H a n d s t rong acids (hydroch lo r i c , p e r c h l o r i c 
and su lphur ic acids), and also weak acids (salicylic, hyd ro f luo r i c a n d phosphor i c 
acids). T h e i n s t rumen ta t i on used i n this w o r k was a bu lky tungsten-halogen 
l a m p fitted i n a spec t rophotometer w i t h p h o t o m u l t i p l i e r tube as a detector . 
T h e measured parameter was the intensi ty o f the l i g h t ref lected by the resin, 
w h i c h was g u i d e d to the detector by the r e t u r n fibre. 
I n this paper we presented a s imple low-cost por tab le i n s t r u m e n t a t i o n fo r 
op t ica l fibre p H sensor. Th i s sensor can be used to m o n i t o r the progress o f 
three d i f fe ren t types o f acid-base titration by us ing suitable indica tors . D i f f e r en t 
f r o m the reflectance type o f sensors w h i c h have been previously developed, the 
design o f the sensor used i n this study was based o n transmission m o d e . 
M E T H O D 
Chemicals and Solutions 
Three d i f fe ren t p H indicators are used i n this study fo r titration end -po in t 
de tec t ion i.e. b r o m o t y m o l b lue (s t rong acid-strong base titration), b r o m o p h e n o l 
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b lue ( s t rong ac id-weak base titration) a n d t y m o l b lue (weak acid-strong base 
titration). A l l the p H i n d i c a t o r solut ions were p repa red by dissolving 0.050 g o f 
the i nd i ca to r powde r i n 2 0 % e tanol a n d the so lu t ion was 50.00 m L v o l u m e i n 
a v o l u m e t r i c flask. 
T h e ac id a n d base used i n this study are h y d r o c h l o r i c ac id , HC1; acetic ac id , 
C H 3 C O O H ; s o d i u m h y d r o x i d e , N a O H a n d a m m o n i a , N H 3 . T h e ac id a n d base 
solut ions were p r e p a r e d t h r o u g h app rop r i a t e d i l u t i o n o f the supp l i ed so lu t i on 
to p r o d u c e ac id a n d base solut ions o f 0.1 M concen t r a t i on . 
The Electronic Circuits 
T h e comple te e lec t ron ic c i r c u i t deve loped i n this study is shown i n Fig. L I t 
consists o f a signal generator , a l i g h t source, a p h o t o d i o d e , a pre-ampl i f ie r , a 
sample-hold c i r cu i t , an a m p l i f i e r a n d a display u n i t . T h e l i g h t f r o m a laser 
d i o d e w i l l be t r ansmi t t ed to the op t i ca l f ib re a n d w i l l be g u i d e d by the feed 
f ib re to the de t ec t i on area where the l i g h t w i l l be m o d u l a t e d . T h e m o d u l a t e d 
l i g h t w i l l be g u i d e d by the r e t u r n f ib re to the p h o t o d i o d e . U p o n de tec t ion , 
p h o t o d i o d e w i l l p r o d u c e a smal l e lectr ical c u r r e n t w h i c h w i l l be a m p l i f i e d a n d 
t ransferred to voltage by p re -ampl i f i e r c i r cu i t . T h e signal w i l l la ter be passed to 
the sample-hold c i r c u i t w h i c h w i l l p r o d u c e ou tpu t s w h i c h are p r o p o r t i o n a l to 
the signals received by the p h o t o d i o d e w h e n the laser d i o d e is o n o r off. I n 
such a sequence, an i n t e r f e r e n t f r o m a m b i e n t l i g h t w i l l be avoided a n d as a 
result , the overal l o u t p u t is on ly a de tec ted laser d i o d e l i g h t in tens i ty w h i c h has 
been m o d u l a t e d at de t ec t i on area. O u t p u t f r o m the sample-hold c i r c u i t w i l l 
la ter go to the a m p l i f i e r f o r f u r t h e r signal a m p l i f i c a t i o n before b e i n g displayed. 
Signal genera tor c i r cu i t : T h e signal genera tor c i r c u i t deve loped i n this study 
consists o f a m u l t i v i b r a t o r a n d a d r ive r (Fig. 2). T h e m u l t i v i b r a t o r device 
consists o f transistor (TR2 a n d T R 3 ) , timing c o m p o n e n t , resistor (R6 a n d R7) 
a n d capaci tor (C3 a n d C 4 ) . Transis tor T R 1 a n d T R 4 f u n c t i o n e d as a d r ive r fo r 
laser d i o d e a n d sample -ho ld c i rcu i t . 
signal generator 
laser diode 
I feed 
Obre 
OPTRODK 
o 
return 
fibre 
I 
pre-amplifier sample-hold 
photodiode 
amplifier display 
d e t e c t i o n area 
Fig. 1: Electronic circuit for low-cost portable instrument optical fibre chemical sensor 
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Pre-amplif ier c i rcu i t : T h e pre-ampl i f ier c i r cu i t used i n this study was B I F E T 
opera t ional -ampl i f ie r (op-amp) because its i n p u t impedance w h i c h is h i g h , is 
suitable fo r h a n d l i n g small electrical signals. T h e small e lectr ical c u r r e n t 
p r o d u c e d by p h o t o d i o d e w i l l f low to the i n v e r t i n g i n p u t (-) a n d t h e n d i rec t ly 
to a feedback resistor w h i c h w i l l t ransform the c u r r e n t to o u t p u t voltage as 
shown i n Fig. 3 (A). 
Sample-hold c i rcu i t : T h e componen t s used to b u i l d this c i r cu i t consist o f a 
d iode , capacitor C2 a n d B I F E T op-amp as shown i n Fig. 3 (B). A n electr ical 
signal i n the f o r m o f voltage pulse w i l l be f i l t e red a n d w i l l charge the capaci tor 
C2. W h e n the laser d iode is off, the transistor co l lec tor T R 1 a n d d iode anode 
w i l l be at zero level a n d therefore , n o signal w i l l pass the d iode . There fo re , on ly 
a signal pulse is a l lowed to pass this c i rcu i t . T h e charge at the capaci tor C2 w i l l 
be discharged on ly t h r o u g h resistor R2 because the i n p u t impedance at the op-
a m p non- inve r t i ng i n p u t (+) is very h i g h . T h e discharge d u r a t i o n is governed 
by the values o f resistor R l a n d capacitor C2 used. I n this study, the discharge 
time is 1 second. 
A m p l i f i e r c i rcu i t : T h e o u t p u t signal p r o d u c e d by the sample-hold c i r cu i t is 
n o t b i g e n o u g h to be displayed a n d an ampl i f i e r c i r cu i t is needed fo r fu r the r 
ampl i f i ca t i on o f the signal. T h e ampl i f i e r c i r cu i t consists o f b ipo la r op-amp as 
shown i n Fig. 3 (C). T h e values o f R f a n d R used i n this c i r cu i t w i l l d e t e r m i n e 
the ampl i f i ca t i on values, E.. T h e e n d o f R. was connec ted to V R w h i c h , hav ing 
po ten t i a l difference o f (+) a n d (-), ensures that the V o values c o u l d be adjusted. 
Construction of Optical Electrode (Optrode) 
T h e opt ica l f ib re used for op t rode cons t ruc t ion is o f m u l t i m o d e silica type w i t h 
core d iamete r o f 1 m m and n u m e r i c a l aper ture , N A o f 0.47. Before us ing the 
opt ica l f ibre , its surface was po l i shed by us ing l a p p i n g sheets to p r o d u c e a 
smoo th a n d flat surface. 
T h e design o f the o p t r o d e used i n this study is shown i n Fig. 4. A m o u l d 
made f r o m plast icine was used to incorpora te the opt ica l f ibre i n the resin 
epoxy. T h e e n d o f b o t h the feed and r e t u r n fibres i n the de tec t ion has to be 
al igned to minimise l i gh t los t For this purpose, a perspex block o f 5 x 18 x 20 m m 
to laser diode 
to sample-hold 
Fig. 2: Electronic circuit for signal generator 
34 
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I'HOTODlOttF 
(A) 
toTRl 
v . 
12 V 
(C) 
Fig. 3: Electronic circuit for pre-amplifier (A), sample-hold (B) and amplifier (C) 
return fibre • . feed fibre 
detection 
area 
Fig. 4: The design of the optical fibre optrode 
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(Fig. 5) was used to secure the pos i t ion o f the feed a n d r e t u r n fibres. B o t h 
fibres were inser ted i n the respective hole o n the perspex b l o c k a n d the 
distance between the two fibres was f ixed at 1 m m . T h e perspex b l o c k was later 
p laced i n the plast icine m o u l d a n d the resin epoxy was gradual ly p o u r e d i n t o 
the m o u l d . T h e ha rdened resin epoxy w i l l p roduce an o p t r o d e w i t h an 
app rox ima te size o f 5 x 20 x 100 m m . Fig. 6 shows the p i c tu re o f the low-cost 
por tab le op t ica l f ibre sensor i n s t rumen ta t i on developed i n this study. 
Procedures 
T h e i n s t r u m e n t a t i o n a r rangement d u r i n g acid-base titration process is as shown 
i n Fig. 7. T h e opt ica l f ibre i n s t r u m e n t has to be w a r m e d u p for abou t 15 m i n 
before use fo r bet ter signal stability. A 150 m l beaker was used as a titration 
con ta ine r where the op t rode , magnet ic bar a n d the conven t iona l p H mete r 
were placed. T h e p H mete r was cal ibrated by us ing a s tandard buffer so lu t ion 
o f p H 4.0 a n d p H 9.0 before use. 
hole for 
hole for 
feed fibre 
Fig. 5: A perspex block used to align the feed fibre and return fibre in the optrode 
Fig. 6: Instrumentation for portable optical fibre chemical sensor 
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Fig. 7: Experimental set-up for use of portable optical fibre sensor in acidrbase titration 
For t i t r a t i o n be tween s t rong ac id a n d weak base, 40 m L o f 0.1 M HC1 
so lu t i on was p laced i n a beaker whereas N a O H 0.1 M so lu t i on w h i c h was used 
as a t i t r a n was p laced i n a bure t te . A f t e r a d d i n g 5 d rops o f b r o m o t h y m o l b lue 
i n the ac id s o l u t i o n , the m i x t u r e was s t i r r ed by us ing a magnet ic s t i r rer at a 
constant speed. T h e N a O H s o l u t i o n was t h e n a d d e d gradual ly a n d b o t h 
readings f r o m the o p t r o d e a n d p H me te r were r eco rded . T h e same titration 
process was repea ted for o t h e r acid-base titrations i.e. titration between s t rong 
ac id-weak base (0.1 M HC1 a n d 0.1 M N H 4 O H ) a n d s t rong base-weak ac id 
(0.1 M C H 3 C O O H a n d 0.1 M N a O H ) by us ing b r o m o p h e n o l b lue a n d t h y m o l 
b lue as an i nd i ca to r , respectively. T h e s t r o n g ac id o r s t rong base was used as a 
titran i n each titration. 
R E S U L T S A N D D I S C U S S I O N 
B r o m o t h y m o l b lue , b r o m o p h e n o l b lue a n d t h y m o l b l u e were chosen i n this 
study because the i r c o l o u r changes (yel low to b lue ) are suitable fo r l i g h t source 
used i n this study i.e r e d laser d i o d e . T h e s igni f icant contrast i n the c o l o u r 
changes o f the ind ica to rs used is also i m p o r t a n t to ensure i t c o u l d be easily 
detected by the vo l tmete r . 
T h e sensor was f o u n d to give a r a p i d response time ( i n a range o f a few 
seconds) u p o n changes i n the so lu t i on p H a n d this is d u e to the op t i ca l m e t h o d 
o f measurements w i t h detectors h a v i n g a sub-microsecond response. Tab le 1 
summarizes the values o f p H range as w e l l as the titration end-po in t f o r a l l the 
indica tors used i n this study as measured by o p t r o d e a n d p H meters. As shown, 
the p H range a n d the titration end -po in t data o b t a i n e d f r o m b o t h o p t r o d e a n d 
p H meters are comparab le . 
Figs. 8-10 show the titration curves f o r a l l the acid-base titrations w h i c h 
have been ca r r i ed o u t i n this study. T h e vo l tme te r r e a d i n g f r o m the o p t r o d e 
was f o u n d to change w i t h changes i n the so lu t i on p H . Th i s change is basically 
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TABLE 1 
The p H range and titration data for bromothymol blue, bromophenol blue and 
thymol blue as measured by optrode and p H meters 
p H indicator Titration End-Point, m L p H Range 
meter optrode different 
p H 
reference8 1 meter p H optrode 
bromothymol blue 
bromophenol blue 
thymol blue 
40.70 40.70 0.00 
37.40 37.70 0.30 
42.80 43.10 0.30 
6.0 - 7.6 
2.8 - 5.0 
7.0 - 9.6 
4.2 - 9.2 
3.0 - 6.2 
6.8 - 9.4 
4.0 - 8.0 
2.7 - 6.3 
7.2 - 9.2 
4.40 
10 20 30 40 50 
Volume of NaOH, ml 
(A) 
1 J * 
10 20 30 40 
Volume of NaOH, ml 
50 
(B) 
Fig. 8: Titration curve for titration between 40 mL HCI, 0.1M and NaOH, 
0.1M measured by portable optical fibre 
3.00 
2.80 
> 2.60 
0 5 10 15 20 25 30 35 40 45 
Volume of HCI, ml 
10 15 20 25 30 35 40 45 
Volume of HCI, ml 
(A) (B) 
Fig, 9: Titration curve for titration between 40 mL NH,, 0JM and HCI, 
0.1M measured by portable optical fibre chemical sensor (A) and conventional pH meter(B), 
when bromophenol blue was used as an indicator 
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10 20 30 40 
Volume of NaOH, ml 
(A) 
10 20 30 40 
Volume of NaOH, ml 
( B ) 
Fig. 10: Titration curve for titration between 40 mL CH3COOH, 0.1M and NaOH, 
0.1M measured by portable optical fibre chemical sensor (A) and conventional 
pH meter (B), when tymol blue was used as an indicator 
due to the changes i n the c o l o u r o f the s o l u t i o n w h e n the t i t r an was a d d e d 
gradual ly to the so lu t i on . W h e n the end -po in t o f the acid-base t i t r a t i o n is 
reached, the c o l o u r change is c o m p l e t e d a n d therefore an a b r u p t change 
occurs i n the v o l t r e a d i n g as shown i n Figs. 8 - 10 (A). A s imi la r shape o f 
titration curves was also observed fo r acid-base titration between HC1 a n d 
N a O H m o n i t o r e d by op t i ca l f ib re p H sensor based o n reflectance measurement 
( M o r e n o et al. 1990) . These changes co r r e spond to s imi la r changes observed i n 
the p H r e a d i n g as shown i n Figs. 8-10 (B) w h e n the p H o f the s o l u t i o n was 
m o n i t o r e d by us ing conven t iona l p H glass e lec t rode . 
C O N C L U S I O N 
T h e low-cost po r t ab le op t i ca l f ib re sensor has been successfully deve loped i n 
this study. T h e o p t r o d e c o u l d be used to m o n i t o r the progress o f l i q u i d acid-
base titration be tween s t rong acid-strong base, s t rong acid-weak base a n d weak 
acid-s t rong base. T h e opto-e lec t ronic componen t s used were a laser d i o d e a n d 
p h o t o d i o d e de tec tor w i t h n o op t i ca l f i l t e r i n g elements . 
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AB ST RAK 
Kepekatan Cd, Cu, Pb and Zn dalam tisu lembut kupang Perna viridis daripada 
15 lokasi di Malaysia didapati rendah berbanding data di rantau in i . Namun 
demikian, sampel-sampel Kuala Pedis dan Kg. Pasir Puteh patut diberi lebih 
perhatian kerana lokasi-lokasi tersebut dikenal pasti menerima logam berat 
hasil daripada aktiviti manusia. Analisis regresi * multiple linear stepwise' didapati 
berguna untuk mencari parameter yang paling berpengaruh dalam menentukan 
biopenimbunan logam berat dalam kupang P. viridis. Keputusan analisis tersebut 
menunjukkan bahawa parameter yang terpil ih adalah lebih kurang konstan 
tidak kira pelbagai model yang digunakan dalam prosedur. Oleh yang demikian, 
analisis regresi 'multiple linear stepwise' boleh dicadangkan sebagai cara 
statistik alternatif dalam menentukan parameter yang paling berpengaruh yang 
menyebabkan biopenimbunan logam berat di dalam P. viridis dan invertebrata 
yang lain. 
A B S T R A C T 
The concentrations o f Cd, Cu, Pb and Zn in soft tissue o f green-lipped mussel 
Perna viridis from 15 sampling sites in Malaysia were found to be not serious but 
low when compared to regional data. However, samples from Kuala Pedis and 
Kg. Pasir Puteh should be given more attention since these locations were 
identified to have received anthropogenic metals. The multiple linear stepwise 
regression analysis was found to be useful in f inding the most influential 
statistical parameters affecting heavy metal accumulation in P. viridis. The 
regression analyses indicated that the parameters were rather constant regardless 
of different sets of models being included in the procedure. Therefore, the 
multiple linear stepwise regression analysis can be proposed as an alternative 
statistical method for determining the most important variables affecting heavy 
metal accumulations in P. viridis as well as in other invertebrates. 
Keywords: Perna viridis, heavy metals, multiple linear stepwise regression 
analysis 
I N T R O D U C T I O N 
Statistical analysis i n b io log ica l data has always been an i m p o r t a n t step i n 
i n t e r p r e t i n g the data. T h e r e are a n u m b e r o f d i f fe ren t ways as we l l as d i f f e ren t 
statistical means i n p e r f o r m i n g the analysis. Regression analysis is a statistical 
Yap Chee Kong, Abdul Rahim Ismail, Ahmad Ismail & Tan Soon Guan 
m e t h o d to de t e rmine i f there are relat ionships between the variables s tud ied 
a n d i t is also useful i n the study o f the shape o f the curve o f the r e l a t ionsh ip 
a n d allows researchers to l o o k fo r the reasons for the relat ionships (Snedecor 
a n d C o c h r a n 1980). 
M u l t i p l e L i n e a r Stepwise Regression Analysis (MLSRA) was a p p l i e d here to 
f i n d an e m p i r i c a l equa t ion r e l a t ing to the dependen t variable(s) (me ta l 
concen t r a t ion ) that has a h i g h value o f r 2 (coefficient o f d e t e r m i n a t i o n ) us ing 
on ly the most i m p o r t a n t i n d e p e n d e n t variables (Bethea et al. 1985). Stepwise 
regression requires the assumption that there is on ly one best equa t ion (Bethea 
et al 1985) a n d that the p rocedure i n the Statistical Analysis System (SAS) 
p r o g r a m w i l l f i n d i t . T h e general fo rward selection procedure i n SAS begins by 
us ing the i n d e p e n d e n t variables one at a time, c o m p a r i n g the c o r r e s p o n d i n g 
r e d u c t i o n i n the e r ro r sum o f squares w i t h some pre-set c r i t e r i on (a = 0.15 is 
the defaul t fo r PROC STEPWISE) a n d t h e n e i ther r e t a in ing o r re jec t ing the 
t e r m (Bethea et al 1985). STEPWISE procedure is a m o d i f i e d fo rwa rd select ion 
m e t h o d i n w h i c h the F-value for each t e r m i n the m o d e l is calcula ted, 
c o m p a r e d to the co r r e spond ing tabulated values o f F and rejected i f i t is n o t 
s ignif icant fo r the m o d e l (Bethea et al 1985). T h e n the nex t t e r m is added to 
the m o d e l a n d the process is repeated. I n the present study, M L S R A was ca r r i ed 
ou t by us ing i n d e p e n d e n t variables w h i c h i n c l u d e d non-ratios a n d ratios. T h e 
non-ra t io i n d e p e n d e n t variables i n c l u d e d shell l eng th ( L E ) , shell w i d t h ( W I ) , 
shell h e i g h t ( H E ) , flesh d ry weigh t ( F W ) , shell d ry weigh t (SW) a n d sex w h i l e 
the ra t io i n d e p e n d e n t variables i n c l u d e d c o n d i t i o n index ( C I ) , w i d t h : h e i g h t 
( W H ) , w i d t h : l e n g t h ( W L ) , l eng th : he igh t ( L H ) and shell thickness ( S T ) . 
Ratios express re la t ionships between quant i ta t ive variables and thereby a id i n 
s u m m a r i z i n g a n d i n t e r p r e t i n g statistical data ( W h i t m o r e et al 1973). 
I n a d d i t i o n , a c o m p a r i s o n between a p r o c e d u r e w h i c h i n c l u d e d a l l 
i n d e p e n d e n t variables a n d a p rocedure w h i c h i n c l u d e d only i n d e p e n d e n t ratios 
was discussed. These two models were compared based o n a l l popu l a t i ons 
col lec ted f r o m 15 stations. T h e y were t e r m e d as inter-stat ion M L S R A . T h e t h i r d 
m o d e l w h i c h on ly i n c l u d e d one p o p u l a t i o n f r o m one sampl ing site (Pasir 
Panjang) was t e r m e d as intra-stat ion M L S R A w h i c h i n c l u d e d 27 female a n d 29 
male indiv iduals . Inter-s tat ion and intra-stat ion models were calculated i n o r d e r 
to f i n d o u t i f s imi lar i n d e p e n d e n t variables were selected as the most i n f l u e n t i a l 
parameters affect ing meta l accumula t ion i n b o t h flesh and shell o f g reen- l ipped 
mussel P. viridis. T h e compar i son o f these d i f ferent models was made to 
examine i f M L S R A can be r e c o m m e n d e d as a g o o d statistical means i n f i n d i n g 
o u t the most i m p o r t a n t factors affecting the accumulat ions o f C d , C u , Pb a n d 
Z n o f P. viridis. 
T h e dependen t variables fo r the M L S R A i n c l u d e d Cd , C u , Pb a n d Z n 
concent ra t ions i n b o t h flesh and shell o f the mussel P. viridis. 
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M A T E R I A L S A N D M E T H O D S 
T h e r e were 15 s a m p l i n g sites f r o m Malaysian coastal waters (Fig. 1) i n this study. 
A l l the samples were co l lec ted between May a n d September 1998. I n f o r m a t i o n 
abou t r ep roduc t ive cycles o f P. viridis i n the s a m p l i n g sites revealed tha t i n the 
Straits o f J o h o r e the na tu ra l spats c o u l d be f o u n d t h r o u g h o u t the year, m a i n l y 
f r o m N o v e m b e r to February a n d May to June (Shamsudin 1992; A l d o n a n d 
B u e n d i a 1998). K o h et al. (1991) r e p o r t e d tha t the se t t lement o f pelagic 
P. viridis i n the coastal waters o f the Straits o f J o h o r e peaked d u r i n g the in te r -
m o n s o o n m o n t h s o f N o v e m b e r a n d A p r i l . 
T h e mussels at each s a m p l i n g site were analysed acco rd ing to sex, a n d shel l 
lengths fo r each site a n d sex are g iven i n Tab le 1. I n the present study, between 
20 a n d 32 ind iv idua l s (male a n d female) were used to represent one s ta t ion 
(Tab le 1) a n d this sample size was w i t h i n wha t was usually r e p o r t e d i n m a n y 
studies us ing bivalves as b i o m o n i t o r s (Phi l l ips a n d Ra inbow 1993, H u n g et al 
2 0 0 1 , Yap etal. 2002) . 
I n genera l , the s a m p l i n g sites c o u l d be classified d e p e n d i n g o n t h e i r 
su r round ings . For instance, a site at Kuala Perlis c o u l d be categorized as a j e t t y , 
sites at Langkawi are fish cu l tu re areas whi ls t K g . Pasir Pu teh is a m a r i n a a n d 
near u r b a n a n d indus t r i a l areas. O t h e r areas are bel ieved to have ag r i cu l t u r a l 
activities. 
A l l i nd iv idua l s were measured fo r t he i r L E , W I a n d H E w i t h vern ie r calipers. 
Fur ther , d r i e d shell we igh t a n d d r i e d flesh weigh t were d e t e r m i n e d for calcula t ing 
Fig. 1: Map showing sampling stations of green-lipped mussel Perna viridis 
PertanikaJ. Sci. 8c Technol . Vol . 11 No. 1, 2003 45 
Yap Chee Kong, Abdul Rahim Ismail, Ahmad Ismail & Tan Soon Guan 
TABLE 1 
Mean cm i standard error (SE) of shell length, shell width, shell weight, 
fresh dry weight and shell dry weight per individual o f mussel P. viridis 
from 15 sampling stations 
Sampling locations Sex N Shell length 
1 K. Perlis Female 10 3.64 ± 0.17 
Perlis. Male 12 3.40 0.12 
2 Tanjung Rhu, Female 10 7.00 ± 0.06 
Langkawi. Male 15 7.08 ± 0.07 
3 Sangkar Ikan, Female 9 7.12 ± 0.23 
Langkawi. Male 11 6.87 0.25 
4 Tanjung Dawai, Female 7 7.96 0.52 
Kedah. Male 13 8.25 0.20 
5 Penang Island, Female 8 6.60 ± 0.52 
Penang. Male 15 7.59 ± 0.19 
6 Bagan Lalang, Female 10 9.38 ± 0.18 
Selangor. Male 15 8.93 0.20 
7 Lukut, Female 14 9.53 ± 0.18 
N . Sembilan. Male 11 9.23 ± 0.19 
8 Pasir Panjang, Female 12 8.40 0.24 
N . Sembilan. Male 13 9.18 0.49 
9 Pantai Kundor, Female 16 8.89 ± 0.09 
Malacca. Male 14 8.52 ± 0.11 
10 Anjung Batu, Female 13 9.31 0.12 
Malacca. Male 16 9.17 ± 0.14 
11 Pantai Lido, Female 18 6.06 ± 0.15 
Johore. Male 14 5.80 ± 0.13 
12 Kg. Pasir Puteh, Female 15 6.89 0.44 
Johore. Male 16 5.92 ± 0.40 
13 Kg. Tg. Batu, Female 10 2.51 0.04 
Pahang. Male 12 2.57 ± 0.04 
14 Trayong, Female 8 10.97 0.50 
Sabah. Male 11 10.98 0.42 
15 Kuala Penyu, Female 7 7.20 0.15 
Sabah. Male 15 6.66 0.10 
Note: Besides what is shown in Table 1, samples from Pasir Panjang were also analysed from 2.0 
to 11.0 cm of shell lengths. 
the a l lomet r i c ratios w i t h L E , W I a n d H E . T h e soft tissues a n d shells o f P. viridis 
were analyzed accord ing to sex. T h e w h o l e soft body was carefully r emoved by 
deshel l ing the mussel w i t h a stainless kn i fe . T h e d ry we igh t o f the i n d i v i d u a l 
soft body was d e t e r m i n e d by d r y i n g the who le body tissues f o r 72 h at 105°C to 
a constant weight ( M o and Nei l son 1994). A t each loca t ion , every ind iv idua l ' s 
i nne r nacreous shell layer was g r o u n d i n t o a f ine powde r i n an agate m o r t a r 
and pestle, before b e i n g homogen i sed and we ighed fo r d iges t ion w i t h an 
accuracy o f 0.1 mg . T h e samples were digested i n concen t ra t ed n i t r i c ac id a n d 
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assayed fo r heavy metals by us ing a f lame a tomic absorp t ion spec t ropho tomete r 
(AAS) Perk in -Elmer M o d e l 4100. T h e data are presented i n m g / g d ry we igh t 
basis. Mut ip le - l eve l ca l ib ra t ion standards were analysed to generate ca l ib ra t ion 
curves against w h i c h sample concent ra t ions were calculated. S tandard solut ions 
were p r e p a r e d f r o m 1000 m g / 1 stock so lu t i on o f each me ta l ( M E R C K T i t r i s o l ) . 
A qua l i ty c o n t r o l sample was r o u t i n e l y r u n t h r o u g h d u r i n g the p e r i o d o f 
me ta l analysis. T o avo id possible c o n t a m i n a t i o n , a l l glassware a n d e q u i p m e n t 
used were acid-washed a n d the accuracy o f the analysis was checked w i t h the 
s tandard a d d i t i o n tes t ing m e t h o d . P rocedura l blanks were p r e p a r e d a n d the 
me ta l concent ra t ions i n the blanks were neg l ig ib le . Percentages o f recoveries 
were 9 5 % fo r C u , 9 2 % fo r Z n , 110% f o r C d a n d 92.5% fo r Pb. 
T h e statistical analyses were d o n e by us ing the Statistical Analysis System 
V e r s i o n 6.0 (SAS Ins t i tu te 1987) software package. Data t r ans fo rma t ion was 
ca r r i ed o u t to stabilize the variance a n d the lack o f n o r m a l i t y to p r o d u c e a 
f requency d i s t r i b u t i o n tha t was nearer to n o r m a l d i s t r i b u t i o n (She ldon a n d 
H a i c k 1981) . Af t e r a l l data were conver ted i n t o the desi red values, the data 
w o u l d be t r ans fo rmed to l o g 1 0 ( X ) a c c o r d i n g to the p rocedu re o f B o u l t o n a n d 
Lake (1990) . 
T h e mode l s are as fol lows :-
Y = b 0 + b , X | + b 2 X 2 + b 3 X 5 + + b N X N 
where Y = d e p e n d e n t variable 
X j - X N = i n d e p e n d e n t var iable 
b Q = i n t e r c e p t 
b j - b N = slope f o r each i n d e p e n d e n t variable 
T h e a l lomet r ic ratios calculated were W H , W L , L H , ST and C I . ST, considered 
to be an age measure i n bivalves (Cossa et al 1980; Frew et al 1989) , was 
calcula ted w i t h the f o l l o w i n g f o r m u l a :-
ST ( g / c m 2 ) 
shell we igh t (g) 
shel l l e n g t h ( cm) x shell h e i g h t ( cm) 
C I , r ega rded as an i n d i c a t i o n o f the mussel's i n d i v i d u a l phys io logica l state 
re f lec t ing the a m o u n t o f s tored energy w h i c h may be cons idered as the an imal ' s 
metabol ic response to env i ronmenta l condi t ions (Peddicord 1977), was calculated 
as shown below:-
to ta l fresh d ry w e i g h t (g) 
C I ( g / c m 3 ) = - — x 1000 
shell h e i g h t ( cm) x shel l l e n g t h ( c m ) x shel l w i d t h ( c m ) 
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R E S U L T S A N D D I S C U S S I O N 
Heavy Metal Concentrations in Mussels 
Since the i n t e r n a t i o n a l 'Mussel W a t c h ' approach uses to ta l soft tissue o f m a r i n e 
mussels to m o n i t o r the heavy meta l c o n t a m i n a t i o n i n the coastal waters 
( G o l d b e r g 1975; Phi l l ips a n d Segar 1986; Phi l l ips a n d Rainbow 1993) , o n l y 
heavy metals i n the soft tissue o f P. viridis were discussed i n the present study. 
F r o m the 15 locat ions, the ranges o f metals var ied f r o m 0.19 to 1.56 u g / g d ry 
we igh t f o r C d , 5.78 to 15.14 u g / g d ry we igh t for C u , 1.17 to 8.27 u g / g d r y 
we igh t fo r Pb a n d 46.78 to 145.95 u g / g dry we igh t fo r Z n (Fig. 1). These ranges 
o f Cd , Cu , Pb a n d Z n were a l l comparable and lower than those r e p o r t e d i n P. 
viridis f r o m T h a i l a n d (Sukasem a n d Tabucanon 1993), I n d i a (Sen th i lna than et 
al 1998) a n d H o n g K o n g ( W o n g et al. 2000) . 
Samples f r o m Kuala Perlis were f o u n d to have h i g h concent ra t ions o f C d 
(1.56 m g / g d ry we igh t ) a n d Pb (8.27 m g / g d ry w e i g h t ) . Kuala Perlis has a l o t 
o f b o a t i n g activities a n d some p o r t operat ions ( Ismai l et al. 1991). These have 
become the p o t e n t i a l sources o f heavy meta l c o n t a m i n a t i o n i n the area. T o 
suppor t o u r results, some crabs were r epor t ed to have elevated levels o f heavy 
meta l i n Kuala Perlis by Ismai l et al. (1991) . Samples f r o m K g . Pasir Pu teh were 
f o u n d to have the highest C u concen t ra t ion (15.14 u g / g dry w e i g h t ) . Since 
industr ies, s h i p p i n g a n d u r b a n sewage were considered the major sources o f 
meta l c o n t a m i n a t i o n , the elevated C u level f o u n d i n K g . Pasir Pu teh was an 
in te res t ing result. Samples f r o m Trayong o f Sabah h a d h i g h concent ra t ions o f 
C d (1.18 u g / g d ry we igh t ) a n d Z n (121.79 u g / g d ry w e i g h t ) . O n l y fish a n d 
mussel aquacul tura l activities were f o u n d i n this area a n d the p o t e n t i a l sources 
o f this me ta l c o n t a m i n a t i o n are st i l l u n k n o w n . O t h e r sampl ing sites showed 
relatively low concent ra t ions o f heavy meta l since most o f these areas pract ised 
ag r i cu l tu ra l activities. However , these levels were n o t considered serious. 
Finding the Most Influential Factors by Using Mutiple Linear Stepwise Regression 
Analysis 
Inter-station Comparison 
A l l popu la t ions f r o m 15 stations ( inter-stat ion) were tested to d e t e r m i n e the 
most i m p o r t a n t k n o w n factors affecting meta l accumula t ion (Tables 2, 3 ) . T h e 
regression equat ions observed appear to fa l l i n t o f o u r d is t inc t categories. First, 
C u , Pb a n d Z n concentra t ions i n the flesh a n d Pb concen t r a t ion i n the shel l 
were a l l s ignif icant ly i n f luenced by sex besides o ther variables (Table 2 ) . T h e 
above-ment ioned metals were h ighe r i n females, as i nd i ca t ed by the negative 
sign i n sex ( L o b e l et al. 1989). Second, i t was n o t e d tha t C I was the mos t 
i n f l uen t i a l variable i n b o t h flesh (Cu a n d Z n ) and shell (Cd , Pb a n d Z n ) . 
However , Zn-flesh was negatively in f luenced by C I . 
T h i r d , C u and Pb i n b o t h flesh and shell were inconsistent ly i n f l u e n c e d by 
ratios such as W H , W L and L H . I t was somewhat surpr i s ing that ST was n o t 
f o u n d to in f luence the C u and Pb concentrat ions . Probably, ST c o u l d be 
replaced by physiological terms such as g r o w t h rate ( W L ) a n d C I . Since C I is 
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Fig. 2: Concentrations of Cd, Cu, Pb and Zn in total soft body (mean mg/g dry weight ± standard error) of mussel P. viridis sampled 
from 15 sampling stations ( CZ3 ; female; M : male). 
Note: Anjung Batu (St 10),Bagan Lalang (St 6), Kg. Pasir Puteh (St 12), Kg. Tg. Batu (St 13), Kuala Penyu(St 15), Kuala Perlis (St 1), Lukut (St 7), 
Pantai Kundor (St 9), Pantai Lido (St 11), Pasir Panjang (St 8), Penang (St 5), Sangkar Ikan (St 3), Tg. Dawai (St 4), Tg. Rhu (St 2), Trayong (St 14). 
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indicat ive o f ma tu r i t y status o f mar ine mussels ( B r o m a n et al. 1991), its 
in f luence o n the meta l concen t r a t ion i n P. viridis was reasonable. In teres t ingly , 
Zn-flesh was negatively in f luenced by C I . Th i s suggested tha t h i g h C I i nd ica t ed 
great amounts o f gametes i n mussels w h i c h w o u l d y i e l d less Z n concen t r a t i on 
i n the to ta l soft tissue o f P. viridis. 
As ST can be considered an age measure (Frew et cd. 1989), Cd-flesh a n d 
Pb-shell increas ing w i t h r i s ing ST ind ica ted that w h e n the mussels grew o lder , 
C u level i n the flesh a n d Pb level i n the shell w o u l d also increase. T h e 
concent ra t ions o f C u and Pb i n the shell seemed to increase w h e n the mussels 
grew older . A l t h o u g h some previous studies o n m a r i n e bivalves showed tha t 
meta l levels were lower w h e n the mussels grew o lde r (Boyden 1977; Cossa et al. 
1980; Swaileh and A d e l u n g 1994), the results presented i n Table 2 showed tha t 
the o lde r (h ighe r ST) mussels w o u l d accumulate m o r e C d . Th i s h i g h e r C d level 
i n mussel flesh m i g h t be due to d i f fe ren t size classes, levels o f exposure a n d site-
dependent ind iv idua l mussel's physiology (Lobe l et al. 1989). A slightly increasing 
t r e n d fo r C d w i t h size o r age had been f o u n d i n H o n g Kong ' s P. viridis by 
C h e u n g and W o n g (1992) . T h i s was due to larger o r o lde r mussels c o n t a i n i n g 
considerable amounts o f C d (Boyden 1977). 
TABLE 2 
Inter-station (15 populations) multiple linear stepwise regression analysis of dependent 
variables (Cd, Cu, Pb and Zn L o g ] 0 transformed concentrations) in flesh and shell o f 
mussel P. viridis on all ratios and non-ratios as independent variables 
Heavy Metals a \ b 2 b 4 b 5 \ b 7 r F 
Flesh Cd -0.27 HE 
-0.50 
FW 
0.28 
ST 
0.50 
0.39 16.44 
Cu 1.19 CI 
0.16 
W L 
-1.09 
Sex 
-0.06 
0.36 15.74 
Pb 0.31 W L 
2.09 
L H 
-0.19 
Sex 
-0.06 
0.32 11.89 
Zn 2.59 CI 
-0.45 
ST 
-0.18 
Sex 
-0.03 
0.62 66.83 
Shell Cd -0.63 CI 
0.29 
W H 
0.28 
W L 
0.82 
0.39 17.99 
Cu 0.74 LE 
0.10 
0.33 39.43 
Pb 2.91 W I CI W H W L L H ST Sex 0.52 16.59 
0.15 0.17 2.29 -5.00 -0.79 0.08 
-0.02 
Zn -1.10 CI 
0.37 
W L 
3.12 
0.39 28.06 
Note: A l l variables significantly (P< 0.001) influenced the metal concentrations in both the flesh 
and shell. 
Independent variables include shell length (LE) , shell width (WI) , shell height (HE) , flesh 
dry weight (FW), shell dry weight (SW), condit ion index (CI) , width : height (WH) ratio, 
width : length (WL) ratio, length : height ( L H ) : ratio, shell thickness (ST) and sex. 
r is the coefficient of correlation. 
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W L ratios seemed to in f luence mos t o f the metals i n this study, namely C u 
a n d Z n i n the flesh a n d C d , C u a n d Z n i n the shell . T h i s ra t io is i m p o r t a n t as 
i t relates to the g r o w t h rate a n d relat ive age o f the mussel (Kautsky 1982). Seed 
(1968) suggested tha t mussels i n a g iven e n v i r o n m e n t reach a m a x i m u m shel l 
l e n g t h b e y o n d w h i c h n o f u r t h e r l inea r g r o w t h c o u l d occur . O w i n g to shell 
e ros ion , the shell w o u l d c o n t i n u e to t h i c k e n a n d e x p a n d r e su l t ing i n a l o w e r i n g 
o f the C I . T h e expans ion o f the shel l w h i c h is necessary to p reven t the ST f r o m 
b e i n g squashed, is i n the f o r m o f increased shell w i d t h . The re fo re , an increase 
i n W L ra t io i nd i ca t ed a mussel w i t h increased g r o w t h rate a n d an increased 
relative phys io logica l age. 
Comparison Between Two Models: A l l Variables (Non-ratios and Ratios) and 
Al l Ratios 
T w o d i f f e ren t sets o f i n d e p e n d e n t variables (Tables 2, 3) were invest igated to 
evaluate the d i f fe rences a n d h o w w e l l the M L S R A m o d e l s p e r f o r m e d . 
I n d e p e n d e n t variables i n T a b l e 2 i n c l u d e d a l l ra t ios a n d non- ra t ios as 
i n d e p e n d e n t variables w h i l e Tab le 3 on ly i n c l u d e d a l l ratios as i n d e p e n d e n t 
variables. T h e results showed a lmost the same i n d e p e n d e n t variables as the 
TABLE 3 
Inter-station (15 populations) mult iple linear stepwise regression analysis of 
dependent variables (Cd, Cu, Pb and Zn L o g 1 0 transformed concentrations) 
in flesh and shell o f mussel P. viridis on all ratios as independent variables 
Heavy Metals a \ b 2 \ b 7 r F 
Flesh Cd -0.97 CI 
0.22 
ST 
0.85 
0.35 22.16 
Cu 1.19 CI 
0.16 
W L 
-1.09 
Sex 
-0.06 
0.36 15.74 
Pb 0.31 W L 
2.09 
L H 
-0.19 
Sex 
-0.06 
0.32 11.89 
Zn 2.59 CI 
-0.45 
ST 
-0.18 
Sex 
-0.03 
0.62 66.83 
Shell Cd -0.63 CI 
0.29 
W H 
0.28 
W L 
0.82 
0.39 17.99 
Cu 0.88 W L 
-0.32 
ST 
0.09 
0.35 20.57 
Pb 1.32 CI 
0.14 
L H 
-0.05 
ST 
0.22 
Sex 
-0.02 
0.45 18.86 
Zn -1.10 CI 
0.37 
W L 
3.12 
0.39 28.06 
Note: A l l variables significantly (P< 0.001) influenced the metal concentrations in both the flesh 
and shell. 
Independent variables include condi t ion index (CI ) , width : height (WH) ratio, width : 
(WL) length ratio, length : height ( L H ) ratio, shell thickness (ST) and sex. 
r is the coefficient o f correlation. 
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most i m p o r t a n t factors affect ing Cu , Pb a n d Z n levels i n the flesh a n d C d a n d 
Z n levels i n the shel l , fo r b o t h regression models each w i t h its respective r value. 
For example , Zn-flesh was signif icantly affected by C I (negat ive) , ST (negative) 
a n d sex (negative) w i t h r= 0.62 i n b o t h regression models . The re fo re , these 
almost s imi lar results suggested that m u l t i p l e l inear stepwise regression analysis 
was p e r f o r m i n g as expected a n d that the i n d e p e n d e n t factors selected were 
re l iable . I t is logica l that some equations d i d n o t i nc lude the same i n f l u e n t i a l 
factors. For instance, C d i n flesh and C u and Pb i n shell were f o u n d to have 
d i f fe ren t s ignif icant i n d e p e n d e n t variables. Flesh-Cd was signif icant ly i n f l u e n c e d 
by shell he igh t , flesh d ry we igh t and ST as shown i n Table 2, whereas as shown 
i n Tab le 2, flesh-Cd was signif icantly in f luenced by C I a n d ST. 
I n the two models , i t was n o t e d that the r values o b t a i n e d were l ow w h i c h 
ind ica t ed that there may be o the r i n d e p e n d e n t variables tha t had n o t been 
i n c l u d e d i n this study o f wha t we t h i n k are the* most i m p o r t a n t factors to 
in f luence me ta l accumula t ion i n the mussel P. viridis. 
Intra-station and Inter-station Comparisons 
Mussels w i t h a w ide range o f age and size (shell l eng th : 2.0-11.0cm) i n a single 
p o p u l a t i o n at Pasir Panjang (stat ion 5) were tested to find o u t the mos t 
i m p o r t a n t factors k n o w n to inf luence the i r heavy meta l concent ra t ions i n the 
flesh and shell (Table 4 ) . T h e results suggested that the factors w h i c h significantly 
i n f l uenced each meta l accumula t ion i n intra-station analysis were n o t s imi lar to 
those f o u n d i n inter-s tat ion analysis. Th i s may be due to the d i f f e ren t size 
classes o f mussels i n this intra-stat ion p o p u l a t i o n receiv ing the same a m o u n t o f 
e n v i r o n m e n t a l i npu t s w h i l e in ter-s ta t ion mussels were r ece iv ing d i f f e r e n t 
e n v i r o n m e n t a l inpu t s and the m a x i m u m po ten t i a l shell l eng th at each s ta t ion 
was n o t s imi la r ( L o b e l et al. 1991). However , flesh-Cu a n d shell-Pb seemed to 
be in f luenced by the same k n o w n i m p o r t a n t factors fo r b o t h intra-s tat ion a n d 
inter-s ta t ion popu la t ions namely C I and sex. This may be indicat ive tha t C I a n d 
sex were the two i m p o r t a n t factors affect ing the accumula t ion o f flesh-Cu i n the 
mussel P. viridis regardless o f d i f fe ren t statistical models p r o v i d e d tha t C I a n d 
sex were i n c l u d e d i n the stepwise procedures. Similar ly, ST a n d sex were two 
i m p o r t a n t variables affecting the accumula t ion o f Pb-shell i n the three mode l s 
(Tables 2, 3 a n d 4 ) . These results agreed w i t h an intra-stat ion study by L o b e l 
et al. (1991) w h o f o u n d that sex, FW, C I and W H ratios were f o u r o f the mos t 
i m p o r t a n t i n d e p e n d e n t variables w h i c h in f luenced the concen t r a t i on o f metals 
i n the flesh o f the b lue mussel M. edulis. I n this study, ST and sex were also two 
i m p o r t a n t factors w h i c h in f luenced Pb accumula t ion i n the shel l o f P. viridis. 
C O N C L U S I O N 
T h e ranges o f heavy meta l concentra t ions i n a l l s ampl ing sites were f o u n d to 
be comparable a n d lower than the reg iona l data i n the soft tissue P. viridis. 
Kuala Pedis a n d Kg . Pasir Puteh were f o u n d to be po ten t i a l ly rece iv ing 
an th ropogen ic metals. I n the iden t i f i ca t ion o f the most i n f l u e n t i a l k n o w n 
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TABLE 4 
Intra-station (Population Pasir Panjang) multiple linear stepwise regression analysis of 
dependent variables (Cd, Cu, Pb and Zn L o g 1 0 transformed concentrations) in 
flesh and shell of mussel P. viridis on all ratios and non-ratios as independent variables 
Heavy Metals a bx b 2 b 3 b 4 b 5 b 6 b 7 r F 
Flesh Cd -0.06 FW 
-0.77 
0.88 88.67 
Cu 1.62 CI Sex 0.45 3.04 
0.29 -0.08 
Pb 0.36 HE 
-4.39 
ST 
2.28 
0.70 11.85 
Zn 1.96 FW 
-0.20 
Sex 
-0.07 
0.84 30.06 
Shell Cd 1.45 W I 
-1.82 
ST 
1.58 
Sex 
-0.11 
0.68 6.86 
Cu 0.71 L H 
0.44 
0.77 38.94 
Pb 1.64 FW 
-0.23 
ST 
0.71 
Sex 
0.07 
0.63 5.26 
Zn 1.84 HE 
-1.51 
FW 
-0.21 
ST 
1.43 
0.80 14.32 
Note: A l l variables significandy (P< 0.001) influenced the metal concentrations in both the flesh 
and shell. 
Independent variables include shell length (LE) , shell width (WI) , shell height ( H E ) , flesh 
dry weight (FW), shell dry weight (SW), condi t ion index (CI ) , width : height (WH) ratio, 
width : length (WL) ratio, length : height ( L H ) : ratio, shell thickness (ST) and sex. 
r is the coefficient o f correlation. 
factors i n the a c c u m u l a t i o n o f metals, there may be o t h e r i m p o r t a n t factors, 
besides the k n o w n factors i n c l u d e d i n the present study, affect ing m e t a l 
a c c u m u l a t i o n i n the tissues a n d shells o f the mussels. T h e factors af fec t ing 
heavy m e t a l a c c u m u l a t i o n i n mussels seemed to be variable whe the r they were 
ascertained as in t ra-s ta t ion o r in ter-s ta t ion. However , the same k n o w n variables 
ascertained i n the three mode l s i nd i ca t ed tha t M L S R A may be p roposed as an 
al ternat ive statistical app roach to d e t e r m i n e the mos t i n f l u e n t i a l factors o u t o f 
a n u m b e r o f factors w h i c h were k n o w n to affect me ta l a c c u m u l a t i o n i n the 
g reen- l ipped mussel P. viridis i n pa r t i cu l a r a n d i n o t h e r invertebrates i n 
general . 
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ABSTRAK 
Empat sebatian (emodin, sukrosa, mor in dan rut in) diasingkan daripada daun-
daun Ficus elastica Roxb. Struktur-struktur sebatian tersebut d ibentuk 
menggunakan teknik-teknik spektroskopik dan perbandingan dengan data 
yang diterbitkan. Sebatian-sebatian tersebut ditutup untuk aktiviti antimikrobia 
ke atas dua spesies bakteria, Bacillus cereus (Gram-positif) dan Pseudomonas 
aeruginosa (Gram-negatif) dan empat spesies fungus dengan menggunakan 
kaedah resapan cakera. Sebatian-sebatian i tu menunjukkan aktiviti antibakteria 
tetapi tiada aktiviti antifungus diperhatikan ke atas organisma-organisma yang 
diuji . 
A B S T R A C T 
Four known compounds (emodin, sucrose, morin and rutin) were isolated 
from the leaves o f Ficus elastica Roxb. The structures of the compounds were 
established by spectroscopic techniques and by comparison with published 
data. The compounds were screened for antimicrobial activity against two 
species of bacteria, Bacillus cereus (Gram-positve) and Pseudomonas aeruginosa 
(Gram-negative) and four species o f fungi by using the disc diffusion method. 
The compounds showed antibacterial activity but no antifungal activity was 
observed against the tested organisms. 
Keywords: Ficus elastica, emodin, morin, antimicrobial, cytotoxicity 
I N T R O D U C T I O N 
M a n y Ficus species are c o m m o n l y used i n t r a d i t i o n a l m e d i c i n e to cure various 
diseases. They have l o n g been used i n f o l k m e d i c i n e as astrigents carminat ives, 
stomachics, ve rmonic ides , hypotensives, a n t i h e l m i n t i c s a n d anti-dysentery drugs 
( T r i v e d i et al. 1969) . Previous p h y t o c h e m i c a l studies o n the genus showed the 
presence o f f lavonoids ( M o h a m m a d 1991) , a lkaloids ( Ikhlas et al. 1993) , 
organic acids (Ilyas 1990) a n d t r i terpenes (Beat 1990) . 
Ficus elastica (Moraceae) is a widely-spread evergreen tree u p to 30 m ta l l . 
T h e leaves are 7-20 c m l o n g , w i t h s m o o t h edges a n d b l u n t p o i n t e d tips. T h e 
leaves are abou t a f o o t l o n g a n d are t h i c k w i t h deep green co lour . T h e p l a n t 
is k n o w n locally as " india-rubber tree" ( B u r k i l l 1966). N o chemica l and b io log ica l 
investigations have been r e p o r t e d o n Ficus elastica. I n this study we r e p o r t the 
Hassan Abdalla Almahy, Mawardi Rahmani, M o h d Aspollah Sukari 8c Abdul Manaf A l i 
chemica l const i tuents a n d a n t i m i c r o b i a l activity o f the c o m p o u n d s isolated 
f r o m the p lan t . 
M A T E R I A L A N D M E T H O D S 
Plant Material 
T h e leaves o f Ficus elastica were col lec ted f r o m the Un ive r s i t i Put ra Malaysia 
campus i n A p r i l 2000 a n d i den t i f i ed by taxonomis t U m i Kalsom Yusuf f r o m 
U P M . A voucher specimen (16291) was deposi ted at the H e r b a r i u m o f the 
D e p a r t m e n t o f Biology, U P M . 
General Material and Methods 
M e l t i n g po in ts were d e t e r m i n e d o n a Kof le r hot-stage microscope m e l t i n g 
p o i n t apparatus a n d were uncor rec ted . I R and U V spectra were o b t a i n e d o n 
Perk in-Elmer l ambda m o d e l 1330 and 20 spectrometers respectively. lH a n d 
1 3 C - N M R were r eco rded o n J E O L J N M - G S X 400 spectrometer . Mass spectra 
were ob ta ined us ing GCMS-QP 5050 A Shimadzu mass spectrometer . C o l u m n 
ch roma tog raphy a n d analytical T L C were car r ied ou t us ing silica gel , M e r c k 230 
- 400 mesh a n d M e r c k 70-230 mesh. 
Extraction and Isolation of Compounds 
T h e leaves o f Ficus elastica were a i r -dr ied , g r o u n d and subjected to ex t r ac t ion 
w i t h p e t r o l e u m ether, c h l o r o f o r m and m e t h a n o l successively. T h e solvents were 
t h e n r emoved u n d e r r educed pressure to give the f o l l o w i n g extracts as shown 
i n Tab le 1. 
TABLE 1 
The extracts of the leaves of Ficus elastica 
Material (g) Solvent Colour and nature of extracts Vield of 
extracts (g) 
Leaves (2500) petroleum ether yellowish-brown, semi-solid 9.7 
chloroform dark- green, solid 15.1 
methanol dark-brown, solid 48.4 
Isolation of Emodin (I) 
T h e crude c h l o r o f o r m extract (12.0 g) was subjected to silica gel c o l u m n 
ch roma tography us ing grad ien t solvent mix tures o f 100% p e t r o l e u m ether , 
p e t r o l e u m e t h e r / c h l o r o f o r m (1:1), 100% c h l o r o f o r m and c h l o r o f o r m / m e t h a n o l 
(5:2) to give 15 fractions. Fractions 9 and 12 w h i c h gave the same R p values 
(0.35, c h l o r o f o r m : m e t h a n o l , 3:1) o n T L C were c o m b i n e d toge the r a n d 
resubjected to c o l u m n chromatography w i t h c h l o r o f o r m a n d m e t h a n o l , (1:1) 
to give e m o d i n ( I ) as reddish orange crystals (42.3 m g ) w i t h m e l t i n g p o i n t 258-
260°C (Gow-chin et al. 1998, 259-260°C). 
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Isolation of Sucrose (II) 
T h e m e t h a n o l extract (48.4 g) was redissolved i n 9 5 % aqueous m e t h a n o l 
(500 m l ) a n d t h e n ext rac ted successively w i t h n-hexane, c h l o r o f o r m , e thyl 
acetate a n d n -bu tano l . T h e n -bu tano l extract was c h r o m a t o g r a p h e d o n silica gel 
c o l u m n c h r o m a t o g r a p h y w i t h c h l o r o f o r m : m e t h a n o l gradients o f increas ing 
polar i t ies f o l l o w e d by r e c h r o m o t o g r a p h y o f fract ions 5-8 to y i e l d 11 fract ions. 
F rac t i on 5 a f fo rded ye l low so l id ma te r i a l w h i c h was washed w i t h m e t h a n o l to 
give ye l lowish crystals a n d reex t rac ted w i t h absolute e thano l to give sucrose 
(37.8 m g ) w i t h m e l t i n g p o i n t 193-194°C (Poucher t a n d C a m p h e l l 1974, 190-
192°C) a n d value 0.37 (100% e thy l acetate). 
Isolation of Morin (III) 
Fract ions 24-29 f r o m the above c o l u m n were c o m b i n e d a n d r e c h r o m a t o g r a p h e d 
to y i e l d a ye l low powder . Recrystall isation f r o m acetone gave m o r i n as pale 
ye l low needles (55.6 m g ) w i t h m e l t i n g p o i n t 303-304°C (Dav id a n d M i l n e 1995, 
303 .5°C) . 
Isolation of Rutin (TV) 
Fract ions 33-36 o b t a i n e d f r o m the above c o l u m n were also c o m b i n e d a n d 
resubjected to c o l u m n c h r o m a t o g r a p h y e lu t ed w i t h 100% c h l o r o f o r m w i t h 
increas ing amoun t s o f m e t h a n o l to give 14 fract ions. Fract ions 8-10 gave a 
yel low so l id ma te r i a l w h i c h was recrystall ised i n acetone to y i e l d r u t i n ( I V ) as 
ye l low crystals (38.5 m g ) w i t h m e l t i n g p o i n t 212-214 (C ( H i l l et al 1991, 214-
215 ( C ) . 
Antimicrobial Assay 
T h e m i c r o o r g a n i s m s were o b t a i n e d f r o m the c u l t u r e c o l l e c t i o n o f the 
D e p a r t m e n t o f B io techno logy , Un ive r s i t i Pu t ra Malaysia. T h e stock cul tures 
were g r o w n o n po ta to dextrose agar (PDA) fo r 24 h at 28°C at w h i c h time the 
cells were harvested by cen t r i fuga t ion (4°C, 2000 r p m , 3 m i n . ) . T h e cells were 
washed a n d suspended i n sterile 0.9% saline to give a f i na l concen t r a t i on o f 10 5-
10 6 C F U / m L us ing a haemocy tomete r (Bergeys 1957) . T h e bacter ia l strains 
used were Bacillus cereus N R R L U I - 1 4 4 7 a n d Pseudomonas aeruginosa UI-60690 
w h i l e the an t i funga l strains were Aspergillus ochraceus N R R L 398, Candida 
lipolytica A T C C 2075, Sacchromyces cereviseae N R R L 2034 a n d Sacchromyces lipolytica. 
A n t i m i c r o b i a l activity o f the isolated c o m p o u n d s were tested us ing the disc 
d i f fus ion m e t h o d a c c o r d i n g to Bauer et al. (1966) . T h e discs were p r ep a red by 
i m p r e g n a t i n g t h e m i n an e thanol ic so lu t i on o f each sample (10 m g / m L ) . T h e y 
were t h e n evenly spaced o u t o n the agar surface previously i n o c u l a t e d w i t h the 
suspension o f each m i c r o o r g a n i s m to be tested. S tandard discs o f nystat in 
(50 g/discs) a n d s t r ep tomyc in sulphate (25 g/discs) were used as s tandard 
an t i funga l a n d an t ibac ter ia l agents respectively. T h e plates were i ncuba t ed at 
37°C fo r 24 h a n d the a n t i m i c r o b i a l activity was r eco rded by measur ing the 
d i ame te r o f the clear i n h i b i t i o n zones a r o u n d each disc. 
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R E S U L T S A N D D I S C U S S I O N 
Four c o m p o u n d s have been successfully isolated f r o m Ficus elastica by c o l u m n 
chromatography . These c o m p o u n d s have been i den t i f i ed to be e m o d i n ( I ) , 
sucrose ( I I ) , m o r i n ( I I I ) a n d r u t i n ( I V ) . 
T h e r e were fou r p ro tons i n the aromat ic r eg ion o f the ] H - N M R spec t rum 
appear ing as singlets at 6 7.56, 7.30, 7.05 and 6.65 a n d assigned fo r p r o t o n at 
C-4, C-5, C-2 a n d C-7 respectively. T h e two sharp singlets i n the d o w n f i e l d 
r eg ion at 6 12.25 and 12.18 were assigned to the two chela ted h y d r o x y l g roups 
at posi t ions 1 a n d 8. A small b road singlet at 5 10.62 ind ica t ed the presence o f 
the free h y d r o x y l g r o u p at C-3, whereas the singlet at 5 2.44, i n t eg ra t ed fo r 
three p ro tons , was assigned to a me thy l substituent. 
T h e 1 3 C - N M R spec t rum ind ica ted the presence o f fifteen carbons i n the 
s t ructure. T h e two carbonyl carbons occur red at very low fields, 189.8 a n d 181.5 
p p m . T h e h i g h field signal at 21.5 p p m is due to the me thy l g r o u p at C-6. T h e 
mass spec t rum gave a molecu la r i o n peak at m / z 270 w h i c h co r r e sponded to 
the m o l e c u l a r f o r m u l a C 1 5 H 1 0 O 5 . O n compar i son , the spectral w i t h p u b l i s h e d 
data (Suraj 1989; Parkas a n d A n d e r s o n 1982) suggested the s t ruc ture to be 1, 
3, 8-trihydroxy-6-methyl-9, 10-anthracenedione ( e m o d i n ) . 
C o m p o u n d I I was i den t i f i ed as sucrose based o n IR, *H, 1 3 C - N M R , M S a n d 
o n compar i son w i t h pub l i shed data. 
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T h e a romat ic r e g i o n o f the ] H - N M R spec t rum o f c o m p o u n d I I I showed the 
presence o f five a romat ic p ro tons . A pa i r o f double ts (J=l-7 H z ) o c c u r r e d at 
5 8.06 a n d 6.92. These were assigned to the meta p ro tons at H-6 a n d H-8, 
respectively. A n o t h e r d o u b l e t observed at 6 7.26 w i t h c o u p l i n g constant 2.0 H z 
was assigned for p r o t o n at H - 3 7 . T h e p r o t o n at H - 6 7 o c c u r r e d as d o u b l e t due 
to c o u p l i n g w i t h p r o t o n at H - 5 7 w h i c h i n t e r m c o u p l e d to H - 3 7 . T h e three 
singlets o c c u r r i n g at very low f i e ld regions at 5 12.62, 10.79 a n d 9.85 (x2) c o u l d 
be assigned to the f o u r h y d r o x y l g roups at C-5, C-7 a n d C-2 7 a n d C-4 7 
(over lapped) respectively. T h e 1 3 C - N M R spec t rum assignments were based o n a 
D E P T e x p e r i m e n t . T h e D E P T spec t rum also showed the presence o f f i f teen 
ca rbon atoms consis t ing o f t en quar tenary carbons (C-7, C-9, C-4 7 , C-2, C-2 7, 
0 5 , C-4, Q 3 , C - l 7 a n d C-10) a n d five m e t h i n e carbons (C-6, C-8, C-3 7 , & 5 7 a n d 
C-6 7 ) . T h e mass spec t rum showed the presence o f a mo lecu l a r i o n at m / z 302 
c o r r e s p o n d i n g to the m o l e c u l a r f o r m u l a C 1 5 H 1 0 O ? i n agreement w i t h a f l avonol 
ske le ton ( M a r k h a m 1982) a n d s t ruc tu re o f m o r i n ( i .e . , 3, 5, 7, 2 7 , 4 7 
-pen tahydroxyf lavone) . 
T h e U V spec t rum o f c o m p o u n d I V showed absorpt ions at X m a x 3 6 0 . 0 a n d 
265.0 n m , i n d i c a t i n g the presence o f 3-O-substituted f l avonol skele ton (Geissan, 
1962) . T h e ^ - N M R spec t rum clearly establishes the presence o f chela ted 
h y d r o x y l g roups w i t h the occur rence o f a sharp s inglet at 6 12.61 fo r 5 - O H . I n 
a d d i t i o n , the ' H - N M R spec t rum also showed the presence o f five p ro tons w h i c h 
appeared as d o u b l e t at 5 7.56 (J= 2.2 H z ) , 6.81 (J= 2.2 H z ) , 6.39 (J= 2.2 H z ) 
a n d 6.18 (J = 2.2 H z ) a n d were assigned to H - 2 7 a n d H - 6 7 (ove r l apped) , 
H - 5 7 , H-8 a n d H-6 respectively. H - l 7 7 f o r glucosyl was observed as d o u b l e t at 
6 5.33. T h e one s inglet peak at 5 4.36 revealed the presence o f one p r o t o n at 
H - l 7 7 7 f o r rhamnosy l , i n w h i c h the m e t h y l g r o u p o f rhamnosy l appeared at 
6 1.02. 
T h e ca rbon assignments were made by D E P T e x p e r i m e n t . T h e spec t rum 
showed the presence o f twenty-seven carbons consis t ing o f t en quar tenary 
carbons (C-4, 0 7 , G-9, C-5, C-2, C-10, C-4 7 , C-3 7 , C-3 a n d C - l 7 ) , f i f teen m e t h i n e 
carbons (C-6 7 , 0 5 7 , 0 2 7 , C-6, C-8, C - l 7 7 7 , C - l 7 7 , C-3 7 7 , C-5 7 7 , & 2 7 7 , C-4 7 7 7 , 
0 4 7 7 , C -3 7 7 7 , C - 2 7 7 7 a n d C - 5 7 7 7 ) , one m e t h y l ca rbon at C - 6 7 7 7 a n d o n e methy lene 
ca rbon at C-6 7 7 . T h e mass spec t rum showed the presence o f a m o l e c u l a r i o n at 
m / z 610 c o r r e s p o n d i n g to the m o l e c u l a r f o r m u l a C 2 7 H 3 0 O 1 6 . T h e s t ruc ture o f 
th i s c o m p o u n d was t hus e s t ab l i shed as 5, 7, 3 7 , 4 7 - t e t r a h y d r o x y 3 -0 -
rahmanoglucosy l ( r u t i n ) . 
T h e f o u r c o m p o u n d s isolated showed ant ibac ter ia l activity towards the 
Bacillus cereus (Gram-posi t ive) a n d Pseudomonas aeruginosa (Gram-negat ive) . T h e 
activity r anged between weak, mode ra t e a n d s t rong based o n the d iamete r o f 
i n h i b i t i o n zones. However , n o an t i funga l activity was observed against the f o u r 
species o f f u n g i (Table 2 ) . 
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TABLE 2 
Antimicrobial activity of compounds isolated (concentration 100 \ig/m\, methanol) 
from Ficus elastica 
compound bacteria fungi 
B. cereus P. aeruginosa A. ochraceous C. lipolytica S. areviseae S. lipolytica 
emodin + + + + 
sucrose + + 
morin + + + + + + 
rutin + + + + + + 
B. = Bacillus P. = Pseudomonas A. = Aspergillus C. = Candida 
S. = Sacchromyces - no inhibi t ion (0 mm) + weak inhibi t ion (1-9 mm) 
+ + medium inhibi t ion (10-14 mm) + + + strong inhibi t ion (15-19 mm) 
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ABSTRAK 
Kajian telah dijalankan untuk menilai ketahanan papan komposit kayu getah 
yang dirawat dengan kuprum-kromium-arsenik (CCA) dan boron terhadap 
serangan anai-anai, Coptotermes curvignathus Holmgren. Bahan yang digunakan 
ialah papan tatal berorientasi (OSB) berperekat fenol-formaldehid (PF), papan 
serpai (particleboard) berperekat melamin-urea-formaldehid (MUF) dan papan 
venir laminasi (LVL) berperekat urea-formaldehid (UF) . Larutan (CCA, 
0.5-4.0% w/w, berat kering ketuhar serpai) dan sebatian boron setara asid 
borik (BAE, 0.5-1.5% w/w) disemburkan ke atas adunan serpai berperekat 
semasa pembuatan papan komposit. L V L dan sebahagian daripada OSB dan 
papan serpai tidak dirawat dan digunakan sebagai kawalan bagi tujuan 
perbandingan. Blok-blok ujian berukuran 25 mm x 25 mm x 12 mm dipotong 
dari setiap papan komposit dan didedahkan kepada 1.0 ± 0.05 g (10% jenis 
askar dan 90% pekerja) di dalam botol ujian selama empat minggu (ASTM 
D:3345-92). Peratusan kehilangan berat blok-blok ujian dan kadar kematian 
dikira. OSB yang dirawat dengan CCA pada kepekatan 2.0% mempunyai nilai 
kehilangan berat yang terendah (3.0%) dibandingkan dengan OSB yang 
dirawat pada lain-lain kepekatan (nilai kehilangan berat 4.1%-6.8%) dan papan 
tanpa rawatan (18.4%). Nilai kehilangan berat untuk OSB yang dirawat 
menggunakan larutan 1.0% dan 1.5% BAE ialah masing-masing 6.9% dan 
3.8%. Tahap ketahanan papan serpai terhadap serangan anai-anai meningkat 
77% apabila ia dirawat dengan 1% BAE. Purata nilai kehilangan beratnya 
adalah 6 .1%. Di antara papan-papan komposit kayu getah tanpa rawatan, OSB 
berperekat PF mempunyai daya ketahanan tertinggi terhadap serangan anai-
anai. L V L berperekat UF lebih tahan daripada papan serpai berperekat MUF. 
Nilai kehilangan berat untuk kedua-dua papan in i adalah masing-masing 19.3% 
dan 26.3%. Di akhir tempoh ujian, kematian anai-anai yang diletakkan bersama 
blok-blok yang dirawat dengan bahan pengawet ialah 100%, manakala kematian 
anai-anai yang diletakkan bersama papan komposit dan kayu getah pejal yang 
tidak dirawat ialah di antara 0-16%. 
A B S T R A C T 
A study was conducted to evaluate the resistance of copper-chromium-arsenic 
(CCA)-and boron-treated rubberwood composites against subterranean termite, 
Coptotermes curvignathus H o l m g r e n . The materials tested were phenol 
formaldehyde (PF)-bonded oriented strand board (OSB), melamine urea 
formaldehyde (MUF)-bonded particleboard and urea formaldehyde (UF)-
bonded laminated veneer lumber ( L V L ) . Solutions of CCA (0.5-4.0%, w / w of 
oven dry weight o f particles) and boron compounds (boric acid equivalent 
Zaidon, A., C. S. Moy, A S. Sajap 8c M . T. Paridah 
(BAE), 0.5 - 1.5% w/w) were separately sprayed onto the furnish dur ing 
boards manufacturing. The untreated LVL, some of the OSB and particleboard 
were served as control for comparing purposes. Test blocks, 25 mm x 25 mm 
x 12 mm were cut from each of the composites and were exposed to 1+ 0.05 g 
termites (10% soldiers and 90% workers) in test bottles for 28 days (ASTM D: 
3345-92). Weight losses of the blocks and termite mortality were calculated. 
OSB treated with 2.0% CCA had the lowest weight loss value (3.0%) compared 
to those treated with other concentrations (weight loss values = 4.1-6.8%) and 
those untreated (18.4%). The weight loss for 1.0% and 1.5% BAE-treated OSB 
blocks were 6.9% and 3.8%, respectively. The resistance of particleboards 
against termite attack increased by 77% when they were treated with 1% BAE. 
The mean weight loss value for these boards was 6.13%. Among the untreated 
rubberwood composites, PF-bonded OSB had the highest resistance against 
termite attack. UF-bonded LVL was significantly more resistant to termite 
attack than MUF-bonded particleboards. The weight loss value for the former 
was 19.3% and the latter was 26.3%. At the end o f the test periods, the 
mortality of termites that were placed together with the treated blocks was 
100%, whereas for those placed together with the untreated composites and 
solid rubberwood, the mortality ranged from 0-16%. 
Keywords: Particleboard, oriented strand board, laminated veneer lumber, 
copper-chromium-arsenic, boric acid, Coptotermes curvignathus 
I N T R O D U C T I O N 
Cur r endy i n Malaysia, r u b b e r w o o d has been extensively used fo r the p r o d u c t i o n 
o f various boards such as pa r t i c leboard , m e d i u m density f i b r eboa rd , a n d 
cementboard . These p roduc t s are general ly less susceptible to b i o d e t e r i o r a t i o n 
agents c o m p a r e d to so l id w o o d (Behr 1972), unless used i n si tuat ions where 
exposure to mois tu re o r risk o f de t e r io ra t i on is l ike ly . B i o d e t e r i o r a t i o n may 
then occur. 
I n c o r p o r a t i o n o f b o r o n c o m p o u n d s o r copper-chromium-arsenic ( C C A ) i n 
urea fo rmaldehyde a n d m e l a m i n e fo rmaldehyde-bonded pa r t i c l eboa rd , a n d 
p h e n o l fo rmaldehyde-bonded o r i e n t e d s t rand b o a r d (OSB) had enhanced the 
resistance o f the boards against wh i t e r o t fungus ( Z a i d o n et al 1998a; 1998b; 
2001; W o n g 2000) . However , the resistance o f these composites against t e r m i t e 
attack has n o t been investigated. Th i s study is c ruc ia l since there was a r a the r 
a l a rming r epo r t o f h i g h incidences o f subterranean termites a t t ack ing w o o d e n 
cabinets (Sajap 1992). 
This paper discusses the resistance o f b o r o n - a n d CCA-treated r u b b e r w o o d 
PF-bonded OSB, boron-treated M U F - b o n d e d par t ic leboard a n d l amina ted veneer 
l u m b e r against subterranean termites. 
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M A T E R I A L S A N D M E T H O D S 
Sample Preparation 
O r i e n t e d S t rand B o a r d ( O S B ) , pa r t i c l eboa rd a n d L a m i n a t e d Venee r L u m b e r 
( L V L ) w h i c h were m a n u f a c t u r e d f r o m r u b b e r w o o d were used i n this study. T h e 
OSB was b o n d e d w i t h p h e n o l fo rma ldehyde (PF) w i t h 5% resin. T h e b o a r d 
density was abou t 700 k g / m 3 . T h e OSB was t rea ted separately w i t h copper-
ch romium-ar sen ic ( C C A ) a n d w i t h b o r o n c o m p o u n d s (a m i x t u r e o f bo r i c ac id 
a n d d i s o d i u m tetraborate decahydrate (bo rax ) ; 1 : 1.54 parts. T h e concen t r a t ion 
levels fo r C C A t r ea tmen t were 0.5%, 1.0%, 2.0% a n d 4 .0% ( w / w o f oven-dr ied 
w e i g h t o f par t ic les) whi l s t f o r b o r o n c o m p o u n d s , they were 1.0% a n d 1.5% 
bo r i c ac id equiva len t ( B A E ) ( w / w o f oven-dr ied w e i g h t o f par t ic les) . Each 
s o l u t i o n was sprayed o n t o the fu rn i sh d u r i n g b l e n d i n g . 
T h e pa r t i c l eboard was b o n d e d w i t h 11 % ( w / w ) m e l a m i n e urea fo rmaldehyde 
( M U F ) . T h e b o a r d densi ty was 650 k g / m 3 . B o r o n solut ions at 0.5% a n d 1.0% 
(bor ic ac id equivalent , B A E ) were i nco rpo ra t ed i n t o the fu rn i sh d u r i n g b l e n d i n g 
o f the part icles. L V L b o n d e d w i t h 1 1 % ( w / w ) urea fo rma ldehyde ( U F ) was also 
used i n this study. 
Durability of Composite Panels Against Termites 
T h e test o n d u r a b i l i t y o f the t rea ted composi te panels a n d L V L against 
subter ranean termites , Coptotermes curvignathus H o l m g r e n was ca r r i ed o u t i n the 
l abora to ry us ing the m e t h o d specif ied i n A S T M D3345-93 ( A n o n 1993). T h e 
efficacy o f the t r ea tmen t was evaluated based o n the pe rcen t w e i g h t loss o f the 
mater ia ls due to t e rmi t e attack. Five test blocks (each f r o m d i f fe ren t t r ea tmen t 
levels, a n d compos i te types) 25.4 m m by 25.4 m m by 12.0 m m were r a n d o m l y 
selected a n d c o n d i t i o n e d i n the l abora to ry u n t i l they reached constant weights . 
T h e weights were measured a n d the blocks were p laced i n test bot t les f i l l e d w i t h 
sand. T h e bottles, together w i t h the i r contents, were sterilised at 120°C for 2 h . 
A b o u t 1 + 0.05 g termites (Coptotermes curvignatus) c o m p r i s i n g 10% soldiers 
a n d 9 0 % workers were i n t r o d u c e d i n each o f the test bott les . T h e y were t h e n 
c o n d i t i o n e d i n a c o n d i t i o n i n g r o o m m a i n t a i n e d at 25 ± 2°C a n d 65-75% 
relative h u m i d i t y overn igh t . T h e bott les were t h e n covered w i t h a black paper 
a n d k e p t at r o o m tempera tu re (25-27°C) fo r a p e r i o d o f f o u r weeks. A t the e n d 
o f the test p e r i o d , the blocks were r e m o v e d a n d c leaned. T h e y were again lef t 
i n the c o n d i t i o n i n g r o o m u n t i l t he i r weights were constant . T h e percentage 
w e i g h t loss ( W a - W b ) / W a ) x 100 f r o m the c o n d i t i o n e d we igh t before ( W a ) a n d 
after exposure ( W b ) was calcula ted. T h e percentage m o r t a l i t y o f termites , 
( N o / N . ) x 100, i n the test bo t t l e was also calcula ted based o n the n u m b e r o f 
dead ( N o ) a n d the o r i g i n a l n u m b e r (N.) o f termites . T h e activities o f termites 
d u r i n g the tes t ing p e r i o d were also observed a n d r eco rded . 
Data were analysed statistically to d e t e r m i n e differences i n we igh t losses a n d 
m o r t a l i t y rates amongs t the composi te p roduc ts a n d between the preservatives. 
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R E S U L T S A N D D I S C U S S I O N 
Durability of Composite Products 
T h e m e a n we igh t loss values fo r preservative-treated a n d un t r ea t ed r u b b e r w o o d 
composi te blocks after 4 weeks o f exposure to subterranean termites are shown 
i n Tab le 1. T h e pe rcen t increase i n resistance o f t rea ted boards a n d the 
un t rea ted ones a n d the mean mor t a l i t y o f termites are also l is ted. 
PF-bonded O r i e n t e d St rand B o a r d - A l l the OSB blocks tested were a t tacked 
by termites as ref lected by the we igh t loss values. U n t r e a t e d blocks showed 
s ignif icandy h i g h e r we igh t loss values (18.4%) w h e n c o m p a r e d to those t reated 
blocks (3.8-6.9%). For CCA-treated blocks, the weigh t loss values r e d u c e d as 
the concen t r a t i on level o f C C A used i n the t rea tment increased f r o m 0.5% to 
2.0%. T h e 0.5% CCA-treated OSB blocks h a d a mean we igh t loss value o f 6.8%, 
fo l lowed by 1.0% CCA-treated blocks (5 .0%) and 2.0% CCA-treated blocks 
( 3 . 0 % ) . H i g h e r we igh t loss (4 .1%) was f o u n d o n blocks t rea ted w i t h 4 % C C A 
c o m p a r e d to those t reated w i t h 2.0% CCA. However , the d i f ference was n o t 
significant . T h e average we igh t loss value fo r un t rea ted OSB was 18.4%. T h e 
same t r e n d was also observed fo r boron- t rea ted OSB. Boards w h i c h h a d been 
t reated w i t h 1.0% a n d 1.5% bor ic ac id equivalent (BAE) s o l u t i o n h a d m e a n 
weigh t loss values o f 6 . 9 1 % a n d 3.82%, respectively. 
TABLE 1 
Mean weight loss of sample blocks of preservative-treated and untreated rubberwood 
composites and percent mortality after 28 days exposure to subterranean termites 
{Coptotermes curvignathus) 
Sample blocks Preservative 
Treatment 
(%, w/w) 
Mean 1 
Weight loss 
(%) 
Increase in resistance 
against untreated 
boards 
(%) 
Mortality 
(%) ' 
PF-bonded - 18.40 s 2 ± 2.17 _ 16.2 
OSB CCA-0.5% 6.80b ± 2.47 63 100 
CCA-1.0% 5.03c ± 1.89 72.3 100 
CCA-2.0% 3.04d ± 0.92 83.5 100 
CCA-4.0% 4.14d ± 2.92 77.5 100 
BAE-1.0% 6.91 b ± 1.61 62.4 100 
BAE-1.5% 3.82d ± 1.14 79.2 100 
MUF-bonded 
- 26.30a ± 1.74 _ 0 
Particleboard BAE-0.5% 11.59b ± 2.57 55.9 100 
BAE-1.0% 6.13c± 0.96 76.7 100 
UF-bonded L V L 
- 19.26 ± 3.00 - 0 
Solid rubberwood 
- 80.3 ± 4.12 - 0 
1
 Means of 5 sample blocks 
2Means followed by the same letter are not significantly different (a = 0.05 ) using 
Duncan Multiple range test. 
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T h e results i n d i c a t e d tha t the i n c o r p o r a t i o n o f b o t h b o r o n c o m p o u n d s a n d 
C C A i n the r u b b e r w o o d composites increased the i r resistance against t e rmi t e 
attack. As can be seen i n Tab le 1, C C A t r ea tmen t increased the resistance o f the 
OSB against t e r m i t e attack by 63-83.5%, whi l s t B A E t r ea tmen t increased the 
resistance by 62.4-79.2%. T h e resistance against t e rmi t e attack apparent ly 
increased w i t h an increase i n concen t r a t i on o f C C A o r bo r i c ac id used i n the 
t reatments . 
M U F - b o n d e d Par t i c leboard - T h e presence o f b o r o n i n the pa r t i c l eboa rd 
also reduces the des t ruc t ion caused by the termites . As i n d i c a t e d i n Tab le 1, the 
m e a n w e i g h t loss values (6.13%-11.59%) fo r the t rea ted p a r t i c l e b o a r d were 
s ignif icant ly lower t h a n the values (26 .3%) for the un t r ea t ed boards. T h e 
resistance against t e rmi te attack increased w i t h the increase i n B A E concen t ra t ion 
d u r i n g t rea tment , i.e., abou t 6 0 % a n d 7 7 % fo r those t rea ted w i t h 0.5% and 
1.0% B A E , respectively. 
Between C C A a n d b o r o n c o m p o u n d s , the f o r m e r was m o r e effective to 
p ro tec t r u b b e r w o o d composites against termites . A t 1 % ( w / w ) , the CCA-treated 
OSB lost on ly abou t 5% o f its weight , whi ls t boron- t rea ted OSB a n d par t i c l eboard 
lost 6-7%. A l t h o u g h the preservatives are effective i n c o n t r o l l i n g the t e rmi t e 
attack, an undes i rab le g reen c o l o u r f o u n d o n the surface o f the CCA-trea ted 
boards reduces the aesthetic value. B o r o n c o m p o u n d s , o n the o t h e r hand , 
adversely affect some o f the s t rength a n d adhes ion proper t ies o f the composi te 
panels ( Z a i d o n et al 1998a, 1998b; W o n g 2 0 0 0 ) . T r e a t m e n t at h i g h e r 
concen t ra t ions o f b o r o n c o m p o u n d r e n d e r e d m o r e b r i t t l e a n d r i g i d flakes 
( L l o y d a n d M a n n i n g 1995), w h i c h i n d u c e d d i m e n s i o n a l ins tabi l i ty to the b o a r d 
( W o n g 2000) . 
U n t r e a t e d R u b b e r w o o d Composi tes - T h e dif ference i n w e i g h t loss values 
a m o n g the u n t r e a t e d composites is also presented i n Tab le 1. A l l un t r ea t ed 
composi tes showed lower m e a n we igh t loss t h a n so l id w o o d . So l id r u b b e r w o o d 
h a d a m e a n w e i g h t loss value o f 87%. A m o n g s t the un t r ea t ed composites, 
M U F - b o n d e d pa r t i c l eboa rd (weight loss = 26 .3%) was the least resistant whi ls t 
PF-bonded O S B (18 .4%) was the most resistant towards subter ranean termites . 
T h i s shows tha t the resins used to b o n d the boards h a d an in f luence o n the 
resistance o f the boards. Kaji ta a n d I m a m u r a (1991) stated tha t the resistance 
o f the b o n d e d composites towards termites was due to the inab i l i t y o f termites 
to digest the materials . 
Termite Mortality 
PF-bonded OSB - T h e t e rmi t e activities a n d mor t a l i t y t h r o u g h o u t the test 
p e r i o d was observed dai ly. T h e cumula t ive m o r t a l i t y o f termites i n the test 
bott les c o n t a i n i n g t rea ted a n d un t r ea t ed OSB blocks is i l lus t ra ted i n Fig. 1. 
D u r i n g the f i rs t f o u r days o f exposure, abou t 2 to 10 dead termites were seen 
i n the bot t les c o n t a i n i n g preservative-treated OSB. T h e m o r t a l i t y o f termites 
increased drast ical ly after the f o u r t h day. 100% m o r t a l i t y was n o t e d i n the 
botdes c o n t a i n i n g 1 % a n d 2 % CCA-treated OSB blocks o n the f i f t h a n d s ixth 
days. A l o n g e r p e r i o d was taken, i.e., 15 a n d 18 days, to reach 100% m o r t a l i t y 
PertanikaJ. Sci. 8c Technol. Vol . 11 No. 1, 2003 69 
Zaidon, A., C. S. Moy, A. S. Sajap 8c M . T. Paridah 
20 
V 
M 
I* 
h 
• Untreated 
- m - C C A 0.5% 
C C A 1.0% 
C C A 2 0% 
- C C A 4.0% 
- •• -
BAl i ) 0% 
- i — B A E 1 5% 
I 2 12 14 16 18 20 22 24 26 28 
Time (Days) 
Fig. 1: Cumulative mortality of termites when placed together with treated 
and untreated OSB blocks in test bottles for up to 28 days 
i n the botdes c o n t a i n i n g 0.5% CCA-treated a n d 1-1.5% BAE-treated blocks. For 
the un t rea ted OSB blocks, 100% survival was r eco rded u p to 14 days o f 
exposure, b u t at the e n d o f the test p e r i o d (28 days), 16.2% o f the termites 
were dead. 
M U F - b o n d e d pa r t i c l eboa rd - Fig. 2 shows the cumula t ive m o r t a l i t y o f 
termites i n the test bottles c o n t a i n i n g t reated a n d un t r ea t ed p a r t i c l e b o a r d 
blocks. For CCA-treated part ic leboards, the mor t a l i t y o f termites was on ly seen 
after 2 days o f exposure. T h e mor t a l i t y increased marked ly after the f o u r t h a n d 
e igh th days fo r pa r t i c l eboard t reated w i t h 1.0% a n d 0.5% B A E , respectively. 
100% mor ta l i t y was r eco rded after 12 days o f exposure fo r pa r t i c l eboa rd t rea ted 
w i t h low concen t ra t ion o f BAE a n d after 20 days fo r those t rea ted at a h i g h e r 
concen t ra t ion . A l l the termites i n the bottles c o n t a i n i n g un t r ea t ed pa r t i c l eboa rd 
and L V L survived u n t i l the e n d o f the test p e r i o d . 
Grace et al. (1992) r e p o r t e d that w o o d blocks t reated w i t h m o r e t h a n 0.35% 
BAE k i l l e d al l termites w i t h i n 3 weeks a n d resul ted i n 10% w e i g h t loss o f the 
blocks. T h e low m o r t a l i t y o f termites fo r the t reated blocks at the early stage o f 
exposure was p robab ly due to the availabil i ty o f suppl iants i n the te rmi tes w h i c h 
enabled t h e m to survive. A t the later stage, the m o r t a l i t y was a t t r i b u t e d to the 
react ion o f the tox ican t w h i c h was ingested by the termites ( M a u l d i n a n d K a r l 
1996). T h e results indicate that the survival per iods fo r the te rmi tes were very 
m u c h related to the tox ic i ty a n d the chemica l loadings i n the compos i te 
products (Gay and Wethe r ly 1958; M a u l d i n a n d K a r l 1996). 
Un t rea ted Rubbe rwood Composi tes - A t the e n d o f the test p e r i o d , a m o n g 
the untreated composites, dead termites were f o u n d only i n the bottles c o n t a i n i n g 
PF-bonded OSB (Fig. 1). T h e mor t a l i t y rate increased gradual ly , a n d after 28 
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Fig. 2: Cumulative mortality of termites when placed together with treated 
and untreated particleboard blocks in test bottles for up to 28 days 
days o f exposure , 16% o f the termites d i e d . However , i n the botdes c o n t a i n i n g 
un t r ea t ed M U F - b o n d e d pa r t i c l eboa rd (Fig. 2 ) , u n t r e a t e d L V L a n d so l id w o o d 
(Table 1 ) , a l l te rmites survived after the test p e r i o d . T h e results ind ica te tha t 
the PF resin was m o r e tox ic to termites t h a n M U F a n d U F resins. Kaji ta a n d 
I m a m u r a (1993) also r e p o r t e d that the m o r t a l i t y rate fo r termites f ed o n 
p h e n o l i c res in t rea ted pa r t i c l eboa rd gradual ly increased as the test p e r i o d 
c o n t i n u e d . T h e effect was due to the inab i l i t y o f termites to digest the materials . 
C O N C L U S I O N 
I n c o r p o r a t i o n o f preservatives i n o r i e n t e d s t rand boa rd , pa r t i c l eboa rd a n d 
l a m i n a t e d veneer l u m b e r provides bet ter resistance against t e rmi t e attack w h e n 
c o m p a r e d to the un t r ea t ed composites. T r e a t m e n t o f PF-bonded OSB w i t h at 
least 2 % o f C C A o r 1.5% B A E ( w / w oven d r i e d flakes) w i l l reduce the damage 
o f t e r m i t e attack by abou t 80%. T h e resistance o f U F - b o n d e d par t ic leboards 
against t e r m i t e attack increased by 77% w h e n they were t reated w i t h 1 % B A E . 
A m o n g the un t r ea t ed r u b b e r w o o d composi te p roduc t s , PF-bonded O S B h a d 
the h ighes t resistance against t e rmi t e attack. U F - b o n d e d L V L was m o r e resistant 
c o m p a r e d to M U F - b o n d e d par t ic leboards . Af t e r 4 weeks, a l l termites w h i c h 
were p laced i n conta iners tha t con t a ined e i the r C C A o r boron- t rea ted blocks 
d i ed . A b o u t 16.2% termites survived i n conta iners c o n t a i n i n g un t r ea t ed PF-
b o n d e d OSB. N o n e o f the termites d i e d w h e n they were p laced toge ther w i t h 
M U F - b o n d e d par t ic leboards , U F - b o n d e d L V L a n d so l id r u b b e r w o o d . 
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ABSTRAK 
Daun-daun, kul i t kayu dan buah-buah Ficus benjamina L inn , didedahkan kepada 
pengekstrakan dan pengasingan menggunakan teknik-teknik kromatografik 
untuk menghasilkan enam sebatian (asid sinamik, laktosa, "naringenin", 
"quercetin", asid kafeik dan "stigmasterol". Struktur-struktur sebatian tersebut 
ditentukan oleh teknik-teknik spektroskopik dan perbandingan dengan data 
yang diterbitkan. Sebatian-sebatian tersebut di tutupi untuk aktiviti antimikrobia 
ke atas dua spesies bakteria (Bacillus cereus dan Pseudomonas aeruginosa) dan 
aktiviti sitotoksik terhadap garis sel "T-lymphoblastic leukemic (CEM-SS). Asid 
kafeik menunjukkan aktiviti sitotoksik yang kuat dengan nilai IC sebanyak 
25 m g / m L . 
A B S T R A C T 
The leaves, bark and fruits of Ficus benjamina L inn , were subjected to extraction 
and isolation using chromatographic techniques to yield six compounds 
(cinnamic acid, lactose, naringenin, quercetin, caffeic acid and stigmasterol). 
The structures o f the compounds were determined by spectroscopic techniques 
and by comparison with published data. The compounds were screened for 
antimicrobial activity against two species o f bacteria (Bacillus cereus and 
Pseudomonas aeruginosa) and cytotoxic activity against T-tymphoblastic leukemic 
(CEM-SS) cell line. Caffeic acid exhibited strong cytotoxic activity with I C ^ 
value o f 25 m g / m L . 
Keywords: Ficus benjamina, naringenin, quercetin, antimicrobial, cytotoxicity 
I N T R O D U C T I O N 
Ficus benjamina L i n n , b e l o n g e d to the fami ly Moraceae ( B u r k i l l 1966). I t is a 
medium-s ized tree w i t h several spreading branches f r o m the base. I t is wide ly 
d i s t r i bu t ed i n the t ropics (Bai ly 1963). T h e leaves are 2-5 c m wide a n d the ba rk 
is pale b r o w n o r greyish b r o w n . T h e p l a n t is k n o w n local ly as " b e r i n g i n , 
w a r i n g i n a n d j e j a w i " ( H o l t t u m 1969). I t is t r ad i t i ona l ly used as a s tomachic, 
hypotensive a n d anti-dysentery agent ( T r i v e d i et al. 1969). Previous studies o n 
Ficus species revealed the presence o f several c o m p o u n d s such as a lkaloids 
(Beat et al 1990), t r i terpenes ( M o h a m m a d ^ al. 1991), ascorbic acid . ( Ikhlas et 
Hassan Abdalla Almahy, Mawardi Rahmani, M o h d Aspollah Sukari & Abdul Manaf A l i 
al. 1993) and f lavonoids (Ilyas a n d Ilyas 1990). Th i s paper repor ts o n the 
i so la t ion a n d i den t i f i c a t i on o f six c o m p o u n d s f r o m the p l a n t a n d t h e i r 
a n t i m i c r o b i a l a n d cytotoxic activities. The re has been n o previous r e p o r t o n the 
chemica l const i tuents a n d b io log ica l activity o f Ficus benjamina. 
G E N E R A L E X P E R I M E N T A L 
M e l t i n g po in ts were d e t e r m i n e d o n a Kof le r hot-stage a n d were unco r r ec t ed . I R 
spectra were r eco rded o n a Perk in-Elmer F T I R 1725X. U V spectra were 
r eco rded o n a Sh imadzu UV-2100 spec t rophotomete r ] H a n d 1 3 C N M R spectra 
were r eco rded o n J O E L 400 M R , spectrometer us ing T M S as i n t e r n a l s tandard 
i n C D 3 C O C D 3 a n d D M S O . Mass spectra were ob ta ined us ing a F i n n i g a n M a t 
M o d e l SSQ 710 spectrometer . 
Plant Material 
T h e leaves, ba rk a n d frui ts o f Ficus benjamina were col lec ted f r o m Unive r s i t i 
Put ra Malaysia campus i n February 1999 and a voucher specimen (10448) was 
depos i ted at the H e r b a r i u m o f the D e p a r t m e n t o f Biology, U P M . 
Extraction and Isolation of Compounds 
A i r d r i e d leaves, ba rk a n d frui ts o f Ficus benjamina were ext rac ted successively 
w i t h p e t r o l e u m ether, c h l o r o f o r m and me thano l . T h e extracts were concent ra ted 
u n d e r vacuum. T h e c h l o r o f o r m extract o f the leaves (48.0 grams) was subjected 
to c o l u m n ch roma tography us ing grad ien t solvent mix tures ; 100% p e t r o l e u m 
ether, p e t r o l e u m e t h e r / c h l o r o f o r m (2:5) , c h l o r o f o r m / m e t h a n o l (8:3) a n d 
100% m e t h a n o l to y i e l d 15 f rac t ions . Frac t ions 8 a n d 9 were f u r t h e r 
r e c h r o m a t o g r a p h e d w i t h the c h l o r o f o r m / m e t h a n o l (8:3) to y i e l d c o m p o u n d 
( I ) as a whi te powder . Rechromatograph ing o f fractions 10-13 y ie lded c o m p o u n d 
( I I ) as a wh i t e powder . 
T h e m e t h a n o l extract (164.3 grams) was redissolved i n 9 5 % aqueous 
m e t h a n o l (500 m L ) a n d t h e n reextracted w i t h n-hexane (500 m L ) . T h e 
m e t h a n o l layer was concentrated, suspended i n water (1 L ) and then reextracted 
twice w i t h 500 m L o f c h l o r o f o r m , e thyl acetate a n d n-butanol successively. T h e 
n-bu tano l extract was subjected to c o l u m n ch roma tog raphy e lu t ed w i t h 100% 
c h l o r o f o r m w i t h an increasing a m o u n t o f m e t h a n o l to give 18 fract ions. 
Fract ions 3-9 were r e c o m b i n e d a n d c h r o m a t o g r a p h e d us ing c h l o r o f o r m / 
m e t h a n o l (1:1) g rad ien t o f increasing po la r i ty fo l lowed by recrystal l isat ion f r o m 
m e t h a n o l to y ie ld c o m p o u n d ( I I I ) . Fractions 10-18 were also r e c o m b i n e d a n d 
e lu ted w i t h c h l o r o f o r m / m e t h a n o l (5:2) to y i e ld a yel low powder w h i c h was 
recrystallised f r o m m e t h a n o l to a f ford c o m p o u n d ( I V ) . 
A p o r t i o n o f the n -bu tano l f rac t ion o f the m e t h a n o l extracts (8.0 g) o f the 
fruits of Ficus benjaminawas e lu ted w i t h 100% c h l o r o f o r m , c h l o r o f o r m / m e t h a n o l 
(7:3) a n d 100% m e t h a n o l to give 16 fractions. Fractions 3-10 were concen t r a t ed 
a n d analysed by T L C to give whi te sol id after washing w i t h e thano l repeatedly 
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a n d recrystallised f r o m e thano l to give c o m p o u n d ( V ) . However , the c h l o r o f o r m 
ext rac t o f the ba rk (10.0 g) y i e lded on ly one c o m p o u n d ( V I ) . 
Antimicrobial Assay 
T h e m i c r o o r g a n i s m s were o b t a i n e d f r o m the c u l t u r e c o l l e c t i o n o f the 
D e p a r t m e n t o f B io techno logy , U P M . T h e stock cul tures were g r o w n o n po ta to 
dextrose agar ( P D A ) fo r 24 h at 28°C at w h i c h time the cells were harvested by 
cen t r i fuga t ion (4°C, 2000 r p m , 3 m i n . ) . T h e cells were washed a n d suspended 
i n sterile 0.9% saline to give a f i na l concen t r a t i on o f 10 5 -10 6 C F U / m L us ing a 
haemocy tomete r (Berdy 1985; Bergeys 1957). T h e m i c r o b i a l strains used were: 
Bacillus cereus NRRLUI-1447 , Pseudomonas aeruginosa UI-60690; Aspergillus ochraceus 
N R R L 398, Candida lipolytica A T C G 2075, Sacchromyces cereviseae N R R L 2034 a n d 
Sacchromyces alipolytica. 
A n t i m i c r o b i a l activity o f the isolated c o m p o u n d s were tested us ing disc 
d i f fus ion m e t h o d acco rd ing to Bauer et al. (1966) . T h e discs were p r epa red by 
i m p r e g n a t i n g t h e m i n e thanol ic so lu t i on o f each sample (10 m g / m L ) . T h e y 
were t h e n evenly spaced o u t o n the agar surface previously i n o c u l a t e d w i t h the 
suspension o f each m i c r o o r g a n i s m to be tested. S tandard discs o f nystat in 
(50 g/discs) a n d s t r ep tomyc in sulphate (25 g/discs) were used as posit ive 
cont ro l s . T h e plates were i ncuba t ed at 37°C fo r 24 h a n d the a n t i m i c r o b i a l 
act ivi ty was r e c o r d e d by measu r ing the d iamete r o f the clear i n h i b i t i o n zones 
a r o u n d each disc. 
Cytotoxity Test 
T h e c y t o t o x i c e f fec t o f t h e c o m p o u n d s was e v a l u a t e d o n (CEM-SS) 
T- lymphoblas t ic l eukemic ce l l l i n e w h i c h was o b t a i n e d f r o m the N a t i o n a l 
Cancer Ins t i tu te , Mary l and , U S A a n d m a i n t a i n e d as previously described (Wei low 
et al. 1989) . Cel l v iab i l i ty was d e t e r m i n e d by us ing the m i c r o t i t r a t i o n assay ( A l i 
et al. 1998) . Cyto tox ic i ty was r eco rded as the 50% i n h i b i t i o n c o n c e n t r a t i o n 
( I C ^ ) w i t h reference to the un t r ea t ed posit ive c o n t r o l cells ( A l i et al. 1997). 
R E S U L T S A N D D I S C U S S I O N 
E x t r a c t i o n o f the leaves, ba rk a n d frui ts o f Ficus benjamina f o l l o w e d by extensive 
c o l u m n c h r o m a t o g r a p h y resul ted i n the i so la t ion o f c i n n a m i c acid , lactose, 
n a r i n g e n i n , que rce t in , caffeic ac id a n d st igmasterol . 
C o m p o u n d ( I ) was o b t a i n e d as wh i t e powde r (24.9 m g ) f r o m c h l o r o f o r m 
extract o f the leaves o f Ficus benjamina w i t h m e l t i n g p o i n t 128-130°C ( B u c k i n g h a m 
1994, 130-131°C). T h e a romat ic regions i n ] H - N M R spec t rum ind i ca t ed the 
presence o f five p ro tons at d 7.83, 7.56, 7.42, 7.36, 7.24 each was assigned to 
p r o t o n i n positions-3, 4, 5, 6 a n d 2 respectively. T h e o t h e r two signals w h i c h 
appeared at d 6.49 a n d 6.43 i nd i ca t ed the presence o f two p ro tons at G-7 a n d 
C-8. T h e presence o f seven signals i n the 1 3 C - N M R spec t rum ind ica t ed the 
presence o f n i n e carbons i n the mo lecu l e w h i c h i n c l u d e seven m e t h i n e carbons 
at 117.8, 147.5, 128.8 ( x 2 ) , 134.5 a n d 129.4(x2) p p m assigned to 0 2 , C-3, 
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0 5 a n d C-6 (over lapped) , C-4, C-7 and C-8 (over lapped) respectively. T h e two 
quar tenary carbons at 131.2 a n d 173.2 p p m were assigned to C - l a n d C-9. T h e 
mass spec t rum ind ica ted the presence o f a molecu la r i o n peak at m / z 148 
w h i c h cor responded to the molecu la r f o r m u l a C 9 H g 0 2 w i t h a base peak at m / 
z 66. Loss o f one molecu le o f water was ind ica ted by the f r agmen t at m / z 130. 
C o m p a r i s o n o f these spectral data w i t h those r e p o r t e d previously ( B y u n g et al 
1996) suppor t ed that C o m p o u n d (1) is c innamic acid. 
Lactose ( I I ) was isolated as whi te powder w i t h m e l t i n g p o i n t 229-230°C 
(Tadasu et al. 1985, 230-232°C). T h e chemica l test a n d the spectral data 
ob ta ined fo r these c o m p o u n d s were i n agreement w i t h p u b l i s h e d data ( W i l l i a m 
1987). 
N a r i n g e n i n ( I I I ) was ob ta ined f r o m the n-butanol f r ac t ion o f the m e t h a n o l 
extract o f the leaves o f Ficus benjamina as wh i t e powder w i t h m e l t i n g p o i n t 249-
252°C ( B u c k i n g h a m 1994, 250-251°C). T h e ' H - N M R spec t rum i n d i c a t e d the 
presence o f two h y d r o x y l groups w h i c h appeared as b r o a d singlets at 6 9.73 a n d 
5 8.63 assigned to 4 7 - O H a n d 7 - O H respectively. T h e o the r h y d r o x y l g r o u p 
appeared as a sharp singlet at 5 12.18 indicat ive o f a chela ted h y d r o x y l p r o t o n 
at C-5. A d o u b l e t o f a d o u b l e t at d 7.41 (J=l.9 H z ) was assigned to the two 
equivalent p ro tons at H - 3 7 and H - 5 7 respectively. T h e o the r two equiva len t 
p ro tons w h i c h also appeared as a d o u b l e t o f a d o u b l e t at 6 6.92 (/=1.9 H z ) was 
assigned to p ro tons at H - 2 7 a n d H - 6 7 . A n o t h e r two p ro tons w h i c h appeared as 
a pa i r o f double ts at 5 5.96 (/=1.9 H ) were assigned to the two p ro tons at 
C-6 a n d C-8. A d o u b l e t at 6 5.42 (J=2.9 H z ) was assigned to p r o t o n at C-2 w h i c h 
is c o u p l e d to the methy lene p ro tons at H-3. T h e signal fo r H-3a appeared at d 
2.74 as a d o u b l e t o f a d o u b l e t w i t h c o u p l i n g constant values o f 3.2 H z ( / H ^ 2 ) 
a n d 3.0 H z (JH^h). T h e H-3b p r o t o n gave a signal at 5 3.27 w i t h c o u p l i n g 
constant values o f 4.2 H z ( / H S W J ) a n d 2.9 H z ( / H S M a ) . T h e 1 3 C - N M R spec t rum 
assignments were made by D E P T e x p e r i m e n t a n d also by c o m p a r i s o n w i t h 
l i t e ra ture values (Eberhaed and Wol fgang 1987; Agrawal 1989) . T h e spec t rum 
showed the presence o f f i f teen carbons consist ing o f seven quar tenary carbons 
at 197.2, 167.3, 165.5, 164.6, 158.7, 130.8 a n d 103.2 p p m w h i c h were assigned 
to C-4, C-7, C-5, C-9, C-4 7 , C - l 7 a n d C-10 respectively. T h e seven m e t h i n e 
carbons were at 129.0 ( x 2 ) , 116.2 ( x 2 ) , 95.8, 96.8 a n d 79.9 p p m assigned to 
C-3 7 & C-5 7, C-2 7 8c C-6 7 , C-6, C-8 and C-2 respectively. T h e me thy lene ca rbon f o r 
& 3 appeared at 43.5. Mass spect rum gave a molecu la r i o n at 272. T h i s is 
consistent w i t h the presence o f three hydroxy l groups and a m o l e c u l a r f o r m u l a 
o f C 1 5 H 1 2 O s . Based o n the spectral data ob ta ined a n d c o m p a r e d w i t h p u b l i s h e d 
data (Barakat et al. 1999), C o m p o u n d I I I c onc luded to be n a r i n g e n i n . 
Que rce t i n (3,5,7,3 7 ,4 7 -pentahydroxyflavone) C o m p o u n d ( I V ) was isola ted 
f r o m the n -bu tano l f rac t ion o f the m e t h a n o l extract o f the leaves o f Ficus 
benjamina as yel low needles w i t h m e l t i n g p o i n t 296-298°C ( U p h o f 1968, 
298-300°C). T h e ' H - N M R spect rum o f c o m p o u n d ( I V ) showed peaks at 5 9.36. 
These are characteristics o f a 3 7 and 4 7 -disubst i tuted Bering o f f l avono l ( M a b r y 
et al. 1970; Baner j i et al. 1969). T h e two b r o a d singlets at 5 10.86 a n d 9.66 may 
be a t t r i bu t ed to the two hydroxy l groups at C-7 a n d C-3 respectively, whereas 
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the h y d r o x y l g r o u p at p o s i t i o n - 5 appeared at very low f i e ld as a sharp s inglet 
at 5 12.52 due to che l a t i on to the ca rbony l g r o u p . T h e aromat ic r e g i o n i n the 
] H - N M R spec t rum showed the presence o f five p r o t o n s each. A pa i r o f double ts 
at 6 6.48 and 6.22 each w i t h c o u p l i n g constant 2.2 K , d u e to meta c o u p l i n g were 
assigned to p ro tons H-8 a n d H-6, respectively. A n o t h e r d o u b l e t was observed at 
5 7.71 w i t h c o u p l i n g constant 2.2 H 7 assigned to H - 2 7 . P r o t o n at H - 6 7 o c c u r r e d 
as d o u b l e t o f a d o u b l e t at 6 7.57 w i t h c o u p l i n g constant 2.2 H z . T h e d o u b l e t 
at d 6.95 w i t h c o u p l i n g constant 8.5 H 7 was assigned to p r o t o n at H - 5 7 . T h e 1 3 C-
N M R spec t rum i n d i c a t e d the presence o f f i f teen ca rbon atoms i n c l u d i n g ten 
quar tenary carbons at 146.9, 135.8, 175.9, 156.2, 163.9, 160.8, 103.1 , 122.1 , 
145.1 a n d 147.8 p p m assigned to C-2, C-3, C-4, C-5, C-7, C-9, C-10, C - l 7 , C-3 7 a n d 
CA/ respectively. T h e five m e t h i n e carbons o c c u r r e d at 98.3, 93.4, 115.1, 115.7 
and 120.1 p p m assigned to C-6, C-8, C-2 7 , C-5 7 a n d C-6 7 respectively. T h i s was 
suppor t ed by the results ob t a ined f r o m D E P T e x p e r i m e n t . T h e mass spec t rum 
gave a mo lecu l a r i o n peak at m / z 302 w h i c h is consistent w i t h the mo lecu l a r 
f o r m u l a o f C ] 5 H 1 0 O 7 . T h e s t ruc tura l assignment o f this c o m p o u n d was suppor t ed 
by m.p . , IR, U V , ' H , 1 3 C - N M R , D E P T a n d compar i son w i t h p u b l i s h e d data 
(Buckles 1962). 
Caffeic ac id (V) was isolated as l i g h t ye l low p o w d e r (25.5 m g ) , w i t h m e l t i n g 
p o i n t 195-198°C (Kir i tsakis 1998, 200°C) . T h e ] H - N M R spec t rum revealed the 
presence o f two double ts at 6 6.80 a n d 6.95 each w i t h c o u p l i n g constants o f 8.1 
H z assigned to the two p ro tons at C-5 a n d C-6 respectively. A n o t h e r a romat ic 
p r o t o n o n p o s i t i n H-2 o c c u r r e d as sharp singlet at 8 7.05. T h e two m e t h i n e 
p ro tons at pos i t ions H-7 a n d H-8 appeared as two double ts at 5 7.57 (,£=15.8 H ) 
and 6.21 (/=15.8 H z ) , whereas the b r o a d singlet peaks at 8 4.95 i n d i c a t e d the 
presence o f two h y d r o x y l groups i n posi t ions 3 a n d 4. 
T h e 1 3 C - N M R spec t rum showed the presence o f n i n e carbons i n the spec t rum 
i n w h i c h five were m e t h i n e carbons ( three a romat ic carbons a n d two a l ipha t ic 
carbons) at 117.4, 116.0, 123.8, 148.0 a n d 116.4 p p m assigned to C-2, C-5, C-6, 
C-7 a n d C-8 respectively. T h e f o u r quar tenary carbons at 128.7, 147.6, 150.3 a n d 
172.0 p p m were assigned to ca rbon signals at posi t ions C - l , C-3, C-4 a n d C-9 
respectively. T h e mass spec t rum ind i ca t ed the presence o f a m o l e c u l a r i o n as 
the base peak at m / z 180 w h i c h corresponds to the molecu la r f o r m u l a C 9 H g 0 4 . 
Loss o f one h y d r o x y l g r o u p f r o m the m o l e c u l a r i o n gave a peak at m / z 163 a n d 
subsequent loss o f ano the r water m o l e c u l e f r o m this f r agment i o n gave a 
f ragment at m / z 145. T h u s the c o m p o u n d was i d e n t i f i e d as caffeic ac id (3, 4-
d i h y d r o x y c i n n a m i c ac id ) . 
St igmasterol ( V I ) was o b t a i n e d f r o m c h l o r o f o r m extract o f the ba rk o f Ficus 
benjamina as w h i t e p o w d e r w i t h m e l t i n g p o i n t 166-167°C (Schwartz a n d W a l l 
1995, 166-168°C). Based o n the spectral data a n d o n compar i son w i t h l i t e ra tu re 
values (Cech ine l et al. 1998), the c o m p o u n d was i d e n t i f i e d as s t igmasterol . 
An t ibac t e r i a l sc reening o n the c o m p o u n d s showed that q u e r c e t i n a n d 
n a r i n g e n i n e x h i b i t e d the s t ronger an t ibac ter ia l activity. C i n n a m i c ac id a n d 
lactose showed s t rong activity against the Gram-negative a n d modera te activi ty 
against the Gram-posi t ive bacteria. Caffeic ac id a n d st igmasterol y i e l d weak 
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activity against the two species o f bacteria. However , a l l the c o m p o u n d s d i d n o t 
show i n h i b i t o r y activity against the fou r species o f f u n g i . T h e y showed negative 
cytotoxic i ty effect, except fo r caffeic acid , w h i c h e x h i b i t e d s t rong cy to toxic 
activity against T- lymphoblas t ic l eukemic (CEM-SS) cel l l i n e w i t h an I C ^ value 
o f 25 m g / m L (Table 1 a n d Fig. 1). 
T h e cytotoxic effect o f caffeic acid at the i n h i b i t i o n c o n c e n t r a t i o n ( I C M ) 
value as c o m p a r e d w i t h c o n t r o l is shown i n Fig. 2 i n w h i c h the cells became 
granu la ted a n d f ragmented . 
TABLE 1 
Antimicrobial activity o f compounds isolated (concentration 100 u g / m l , methanol) 
from Ficus benjamina 
compound bacteria fungi 
B. cereus P. aeruginosa A. ochraceous C. lipolytica S. cereviseae S. lipolytica 
cinnamic acid ++ ++ -
lactose + + 
-
naringenin +++ +++ 
-
quercetin +++ +++ 
caffeic acid + + 
-
stigmasterol ++ ++ 
-
B. ~ Bacillus P. = Pseudomonas A. = Aspergillus C • Candida 
S. - Sacchromyces 
- no inhibition (0 mm) + weak inhibition (1-9 mm) 
++ medium inhibi t ion (10-14 mm) +++ strong inhibi t ion (15-19 m m ) 
120 
r s o 
40 
10 20 
Concentration (ug/ml) 
30 
Fig. 1. Percentage viability of (CEM-SS) cells after being treated 
with different concentrations of caffeic acid 
40 
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ABSTRAK 
Dengan menggunakan teknik spektroskopi fotoakustik (PA), pengukuran 
peresapan terma Rhodamine 6G (R6G) d idop dalam matriks pepejal 
poli(metilmetalkrilat) (PMMA) pada pelbagai kepekatan dilaporkan. Nilai 
peresapan terma didapati bertambah dengan kepekatan 'dye' disebabkan 
pertambahan penyerapan opt ik molekul 'dye' dalam matriks pol imer. 
Spektrofotometer serabut optik, uv-sinar nampak juga digunakan untuk 
mengukur spektrum optik sampel. Hasil kajian menunjukkan bahawa transmisi 
penggal dalam kawasan merah (500-600) nm berganjak kepada jarak gelombang 
yang lebih tinggi bila kepekatan 'dye' bertambah. Transmisi maksimum (83%) 
didapati berlaku pada sampel PMMA yang didopkan dengan kepekatan 'dye' 
R6G yang paling rendah, iaitu 3.1 x 10"* mo\/l 
A B S T R A C T 
Using the photoacoustic (PA) spectroscopic technique, we report the thermal 
difTusivity measurement o f the Rhodamine 6G (R6G) doped at different 
concentrations in solid matrix poly(methylmethacrylate) (PMMA). The value 
of the thermal difTusivity was found increasing with dye concentration due to 
the increase o f optical absorption of dye molecules in the polymer matrices. A 
uv-visible fibre optics spectrophotometer was also used to measure the optical 
spectrum of the samples. The result shows that tne transmission cut off in a red 
region (500-600) n m shifted to the higher wavelength when the dye 
concentration increased. The maximum transmission (83%) was observed for 
the PMMA sample doped with the lowest concentration of dye, i.e. 3.1 x 10"4 
m o l / / o f R6G. 
Keywords: Thermal diffusivity, optical transmission, absorption peak, 
photoacoustic, Rhodamine 6G, and poly (methylmethacrylate) 
Corresponding Author 
Chan Kok Sheng, W. Mahmood Mat Yunus 8c Wan M d . Zin Wan Yunus 
I N T R O D U C T I O N 
Organ ic dyes have been used fo r many years i n b o t h lasers a n d op t ica l ly 
p u m p e d ampl i f iers . A solid-state dye laser offers attractive qual i t ies such as h i g h 
q u a n t u m efficiency, a large choice o f p u m p source, a n d a b r o a d emiss ion 
b a n d w i d t h . They are o f c o n t i n u i n g interest because o f t he i r capacity, w i t h 
d i f fe ren t dyes, to cover the spec t rum f r o m the u l t r av io le t to the i n f r a r e d 
( A m a u d et al. 1996; M a r k a n d K i n g 1995). 
Solid-state dye lasers were first demons t ra ted as early as 1967 a n d have 
recent ly reached the c o m m e r c i a l market . N u m e r o u s research works have been 
d o n e for dyes d o p e d i n several d i f fe ren t sol id matrices i n c l u d i n g polymers , 
solgel, o r m o s i l and xeroge l glasses. Eff ic ient solid-state dye lasers were recent ly 
ob ta ined us ing po lymer i c matrices. O n e o f the m a i n concerns i n recen t 
research for par t i cu la r laser dyes a n d sol id hosts is to p rov ide a h i g h laser 
damage t h r e s h o l d a n d a l o n g l i f e t i m e against p h o t o d e g r a d a t i o n . T h e 
photos tab i l i ty o f some organic laser dyes improves w h e n molecules are t r a p p e d 
i n t o s o l i d m a t r i c e s ( W i l l i a m et al. 1995 ; Cazeca et al. 1 9 9 7 ) . P o l y 
(me thy l methacrylate) ( P M M A ) is a wel l -known po lymer i c m a t r i x tha t is the 
most c o m m o n l y used fo r solid-state dye lasers. I t has a g o o d op t ica l t ransparency 
a n d a lower laser damage th resho ld . R h o d a m i n e 6 G (R6G) is the mos t wide ly 
employed laser dye i n recent years. R6G is a xan thene derivat ive w i t h an op t i ca l 
absorp t ion peak i n e thano l at 530 n m and a fluorescence peak at 556 n m . I t has 
a h i g h fluorescence q u a n t u m y i e l d (~ 9 5 % ) , a low intersystem crossing rate a n d 
low exited-state absorp t ion . These proper t ies make i t a h i g h l y eff ic ient dye fo r 
b o t h pulsed a n d continuous-wave laser actions ( M a r k et al. 1995). 
T h e r m a l diffusivity is a u n i q u e p rope r ty fo r each ma te r i a l a n d the d i f fus ion 
o f heat i n the ma te r i a l is an i m p o r t a n t t ranspor t p r o p e r t y tha t has a m a j o r 
conce rn fo r the m a n u f a c t u r i n g technology. I n this paper , we r e p o r t the t h e r m a l 
diffusivity measurement us ing the photoacoust ic t echn ique fo r po ly ( m e t h y l 
m e t h a c r y l a t e ) ( P M M A ) d o p e d w i t h R h o d a m i n e 6 G ( R 6 G ) at d i f f e r e n t 
c o n c e n t r a t i o n levels. W e also invest igated the o p t i c a l t r ansmi t t ance a n d 
a b s o r b a n c e s p e c t r u m o f t h e s a m p l e u s i n g a u v - v i s i b l e f i b r e o p t i c s 
spec t rophotometer . 
M A T E R I A L S A N D M E T H O D S 
T h e PA technique is r e p o r t e d to be a versatile t oo l f o r op t ica l a n d t h e r m a l 
character izat ion o f a variety o f so l id samples. T h e PA t echn ique makes use o f 
the de tec t ion o f acoustic waves genera ted by a m o d u l a t e d op t ica l i r r a d i a t i o n 
w h e n i t interacts w i t h a sample k e p t inside a closed cavity. A c c o r d i n g to 
Rosencwaig-Gersho theory (Rosencwaig and Gersho 1976) , fo r a t h e r m a l l y t h i c k 
sample, the complex a m p l i t u d e o f the pressure va r i a t ion inside the cavity is 
given by 
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 ^T0l'a'k ( 1 ) 
where a n d \x are the op t ica l abso rp t ion coeff ic ient a n d the t h e r m a l d i f fus ion 
l e n g t h o f the sample, respectively; y is the ra t io o f heat capacities o f air; P Q a n d 
T are the a m b i e n t pressure a n d tempera ture , respectively. J is the i n c i d e n t 
l i g h t in tens i ty a n d / ' is the l e n g t h o f the gas c o l u m n inside the cavity; a ' a n d 
k are the t h e r m a l d i f fus ion coeff ic ient o f the gas inside the cavity a n d the 
t h e r m a l conduc t iv i ty o f the sample, respectively. W e have selected the c h o p p i n g 
f requency a n d the sample thickness i n such a way that the sample u n d e r 
inves t iga t ion is t he rma l ly t h i c k i n a l l the exper iments . F r o m the above equa t ion , 
i t is clear tha t u n d e r iden t i ca l e x p e r i m e n t a l cond i t ions , the PA signal a m p l i t u d e 
is d i r ec t ly p r o p o r t i o n a l to the op t i ca l abso rp t ion coeff icient o f the sample 
( N i b u et al. 1999). 
T h e abso rp t ion characterist ic o f materials u n d e r n o r m a l circumstances can 
be represented by the equa t ion : 
(2) 
where / is the in tens i ty o f the i n c i d e n t r a d i a t i o n a n d / is the in tens i ty o f the 
r a d i a t i o n t r ansmi t t ed t h r o u g h the sample. T h e quan t i ty l o g 1 0 ( / / / ) , w h i c h is 
measured d i rec t ly by the uv-visible spec t rophotometers , is cal led the absorbance 
(A) o r the op t i ca l absorp t ion . Transmiss ion ( T ) is a measurement o f h o w m u c h 
l i g h t is t r ansmi t t ed t h r o u g h a sample. C o m m o n appl icat ions i n c l u d e the 
measurement o f t ransmission a n d absorp t ion o f l i g h t t h r o u g h the op t ica l 
f i l ters , op t i ca l coatings, a n d o the r op t i ca l e lements such as lenses a n d fibers 
( N o r m a n a n d M c k e l l a r 1980). 
P M M A a n d R 6 G ( B D H Chemicals) were used as received. T w o grams o f 
P M M A were dissolved i n 25 m l o f c h l o r o f o r m . Solut ions o f five d i f fe ren t R6G 
dye concen t ra t ions (3.1 x 10^ m o l / 7 , 6.3 x 10A m o l / A 1.9 x 1 0 3 m o l / / , 3.1 
x 1 0 s m o l / / a n d 6 . 3 x 1 0 s m o l / / ) were p repared . Each so lu t ion was vigorously 
s t i r r ed to a f fo rd a viscous m i x t u r e tha t was t h e n p o u r e d i n t o a pe t ry d i sh a n d 
kep t i n the d a r k at r o o m tempera tu re f o r the solvent to be evaporated. Af te r 
24 h , the comple t e ly so l id samples were cu t i n t o pellet-shape pieces, 10 m m i n 
d i ame te r a n d (0.47-0.50) m m i n thickness fo r f u r t h e r measurements . 
T h e e x p e r i m e n t a l set u p used f o r the present study is shown i n Fig. 1. T h e 
d i o d e laser ( B & W T E K ) beam, w h i c h after b e i n g mechanica l ly c h o p p e d by an 
op t i ca l c h o p p e r (SR540), was focused o n t o the sample kep t ins ide a n o n -
resonant PA cel l . T h e photoacous t ic signal genera ted i n the closed cavity was 
de tec ted us ing a sensitive m i c r o p h o n e ( C i r k i t p r o d u c t ) . T h e PA signal was 
t h e n processed us ing a lock- in a m p l i f i e r (SR530). T h e photos tab i l i ty o f the 
samples was first investigated at f i x e d c h o p p i n g frequency (i.e. 15 H z ) f o r 5 
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Fig. 1. Schematic diagram of the experimental set-up 
di f fe ren t laser powers; 300 m W , 290 m W , 280 m W , 270 m W a n d 260 m W . A f t e r 
laser i r r a d i a t i o n fo r 1 h , the photoacoust ic signal fo r each P M M A sample was 
measured fo r the c h o p p i n g frequency i n the range o f (10-150) Hz . 
A uv-visible spec t ropho tomete r is a device fo r measur ing spectra; i t enables 
quanti tat ive measurement o f l i gh t intensities to be made at d i f ferent wavelengths. 
I n the present study, a uv-visible f ibre optics spec t ropho tomete r ( O C E A N 
Optics , S2000) was used to measure the transmission a n d absorbance spectra o f 
each sample at d i f fe ren t dye concentra t ions . I t consists o f a uv-visible l i g h t 
source, op t ica l f ibre a n d d iode arrays detector , w h i c h was in te r faced to a 
personal compu te r . T h e acqu i red data is t h e n displayed a n d analysed by u s ing 
the OOIBase software p r o v i d e d by the system. 
R E S U L T S A N D D I S C U S S I O N 
First, we measured the PA signals as a f u n c t i o n o f time f o r five samples w i t h 
d i f fe ren t dye concent ra t ions at a f ixed c h o p p i n g frequency (i .e . 15 H z ) . W e also 
measured the va r ia t ion o f PA signals w i t h time for each sample w i t h five 
d i f fe ren t beam powers. T h e PA signal observed does n o t s ignif icant ly change 
w i t h the increas ing time. Th i s indicates that the R6G-doped P M M A samples are 
stable a n d do n o t show any noticeable pho todeg rada t i on after b e i n g exposed 
to laser i r r a d i a t i o n . T h u s the value o f the PA signal is pu re ly due to the 
c o n t r i b u t i o n o f the R 6 G d o p e d P M M A ma t r ix . The re fo re this observat ion 
c o n f i r m e d that R6G is a po ten t i a l candidate fo r relatively stable laser ac t ion i n 
the host used. These proper t ies make i t a h igh ly photostable a n d eff ic ient dye 
laser m e d i u m fo r b o t h pulsed a n d continuous-wave laser actions ( M a r k et al. 
1995). 
A p l o t o f I n (PA Signal) as a f u n c t i o n o f I n ( / ) l / 2 f o r each sample is shown 
i n Fig. 2. T h e detected photoacoust ic signal f o r the d o p e d sample exh ib i t s 
/ ^ / f +*, / - 1 0 1 and / - > 0 7 m o d u l a t i o n f requency dependence o n 
increasing dye concen t ra t ion . Th i s c o n f i r m e d tha t the samples used i n this 
study were the rma l ly t h i ck samples. 
Since o u r samples are the rmal ly th i ck (470 - 500) urn, the t h e r m a l diffusivi ty 
o f each P M M A sample was ob ta ined by f i t t i n g the e x p e r i m e n t a l data to the 
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Fig. 2. Plot of In (PA Signal) as a function of In (f)1/2 at different 
laser power for sample at dye concentration 6.3x10s mol/l 
phase-frequency d e p e n d e n t r e la t ion given by Silva et al. (1998) . Th i s re la t ionship 
was o n l y cons idered fo r t he rma l ly t h i c k samples, w h i c h is a p p l i e d to the present 
c o n d i t i o n , i.e. 
O = <Do + a rc tan { L [ ( JI / a ) f]^-l) (3) 
whe re O o is the i n i t i a l phase, cxs is the t h e r m a l diffusivity, L , is the sample 
thickness a n d / is the c h o p p i n g frequency. Fig. 3 shows the phase signal as a 
f u n c t i o n o f c h o p p i n g f requency fo r d i f f e ren t concent ra t ions o f R 6 G d o p e d 
P M M A samples. T h e t h e r m a l diffusivity values ob ta ined fo r these samples at 
d i f f e r e n t dye c o n c e n t r a t i o n s are 1.48 x 1 0 s c m 2 / s , 1.58 x 1 0 3 c m 2 / s , 
1.83 x lO" 3 c m 2 / s 2.05 x 1 0 3 c m 2 / s a n d 2.17 x 10' 3 c m 2 / s , respectively. A p l o t o f 
the t h e r m a l diffusivi ty as a f u n c t i o n o f dye concen t r a t i on is shown i n Fig. 4. T h e 
t h e r m a l diffusivi ty appears to increase w i t h increas ing dye c o n c e n t r a t i o n i n 
P M M A samples. T h e p l o t can be descr ibed by an emp i r i ca l r e l a t ionsh ip as: 
a =(1.38 x l O 3 ) + 0.298C - 27.34C 2 (4) 
where C is the dye concen t ra t ion i n mo\/l T h e the rma l diffusivity value for an 
u n d o p e d P M M A sample c o u l d be estimated by ex t rapola t ing the curve to C = 0, 
a n d the value ob ta ined fo r the u n d o p e d P M M A samples was -1 .38 x 1 0 3 c m 2 / s . 
T h i s is abou t 17% h i g h e r than the value calcula ted f r o m the value o f k, p a n d 
C p o f p u r e P M M A (Costela et al. 1995) . 
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Fig. 3. Phase signal versus chopping frequency for R6G doped PMMA samples 
at different dye concentrations: (a) 3.1 x 104 mol/l; (b) 6.3 x 104 mol/l; 
(c)1.9 x W3 mol/l (d) 3.1 x 103 mol/l (e) 6.3 x 10* mol/l. The solid 
curves represent the fitting of the experimental data to Eq.(3) 
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Fig. 5. The transmission spectra of the R6G doped PMMA samples 
at different concentrations: (a) 3.1x10* mol/l; (b) 6.3x10* mol/l; 
(c)1.9x!03 mol/l (d) 3.1xW3 mol/l (e) 6.3xl03 mol/l 
Fig. 5 shows the measured t ransmit tance spectra o f the samples at d i f f e ren t 
dye concent ra t ions . Fo r \ > 650 n m , the measured op t i ca l transmissions were 
8 3 % , 8 2 % , 7 7 % , 7 3 % a n d 6 5 % , i.e. they decrease w i t h increas ing dye 
concen t r a t i on . T h e cu t -of f t ransmission o c c u r r e d i n the range o f (500-550) n m 
a n d became broader w h e n the concen t r a t i on o f dye increases. Th i s ma te r i a l 
c o u l d be a g o o d f i l t e r fo r laser beams, pa r t i cu la r ly f o r A r + i o n laser w i t h the 
o u t p u t o f 514 n m . T h e t ransmission peak seems to occur at wavelength 438 n m . 
This peak he igh t decreased w i t h increasing dye concen t ra t ion as shown i n Fig. 6. 
Fig. 6 also shows tha t fo r X. > 650 n m , the decreasing o f transmission is l i nea r 
w i t h the dye concen t r a t i on . T h e absorbance spectra fo r R 6 G - d o p e d P M M A 
samples at d i f f e ren t dye concent ra t ions are shown i n Fig. 7. T h e plateau at the 
top o f curves at dye concen t ra t ions 3.1 x 1 0 3 m o l / / a n d 6.3 x 1 0 3 m o l / / is due 
to the sa tura t ion o f the spec t ropho tomete r signal , r e su l t ing f r o m the h i g h e r 
c o n c e n t r a t i o n o f dye d o p e d i n the samples (Cazeca et al. 1997). Obviously, the 
observed m a x i m u m absorbance fo r R 6 0 d o p e d i n P M M A samples o c c u r r e d at 
the wavelength cen te red a r o u n d 526 n m . 
C O N C L U S I O N 
T h e results presented i n this paper lead to two m a i n conclusions. First, the 
photoacoust ic t echn ique is eff ic ient i n measu r ing the t h e r m a l diffusivity o f 
p o l y m e r samples. T h u s i t has been used fo r measu r ing t h e r m a l diffusivity o f 
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Fig. 6. Optical transmission of PMMA samples doped with 
different concentration of R6G 
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7 Absorbance spectra of the R6G doped PMMA sample at different dye concentrations: 
(a) pure R6G in ethanol (b) 3.1x10* mol/l; (c) 6.3x10* mol/l; 
(d) 1.9xW3 mol/l; (e) 3.1xl03 mol/l; if) 6.3x10* mol/l 
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R 6 G i n so l id m a t r i x P M M A . W e also observed tha t the t h e r m a l difTusivity values 
o f R6G d o p e d i n sol id m a t r i x P M M A increased w i t h increasing dye concen t ra t ion 
a n d this was due to the increase o f op t ica l abso rp t ion o f the p o l y m e r matrices. 
I n t he s p e c t r o p h o t o m e t e r m e a s u r e m e n t , t he r e su l t shows t h a t t he 
transmission cu t -of f i n a r e d r eg ion (500-600) n m shif ted to the h i g h e r 
wavelength w h e n the dye concen t r a t i on increased. T h e op t i ca l t ransmission for 
k > 650 n m decreased l inear ly w i t h the increas ing o f dye concen t r a t i on . T h e 
m a x i m u m value o f op t i ca l t ransmission ( i .e . 8 3 % ) was r eco rded fo r P M M A 
sample d o p e d w i t h the lowest concen t r a t i on o f dye, i.e. 3 .1 x 10A m o l / / . 
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N u m e r o u s m e t h o d s have b e e n d e v e l o p e d f o r t h e ana ly s i s o f 
o rganophosphorus pesticides. Lee et al. (1991) demons t r a t ed the use o f 
ace ton i t r i l e f o r the ex t r ac t ion o f 7 OP pesticides i n vegetables a n d frui ts a n d 
c leaned u p o n reverse phase so l id phase ex t r ac t ion (SPE). F ina l d e t e r m i n a t i o n 
was ca r r i ed o u t by gas c h r o m a t o g r a p h y (GC) us ing a flame p h o t o m e t r i c 
de tec tor (FPD) . Sasaki et al. (1987) r e p o r t e d a s imple a n d eff ic ient c leanup 
m e t h o d fo r G C d e t e r m i n a t i o n o f 23 O P pesticides i n crops i n c l u d i n g o n i o n 
us ing GC-FPD. T h e sample was ext rac ted w i t h acetone a n d benzene. A 
mul t i r e s idue m e t h o d fo r the quant i ta t ive d e t e r m i n a t i o n o f O P pesticides i n 
b o t h fatty a n d non-fat ty foods was deve loped by Blaha et al (1985) . T h e sample 
was ext rac ted w i t h acetone, methy lene ch lor ide-hexane (1:9) a n d me thy lene 
chlor ide-acetone (3 :1) . Fatty f o o d extracts are c leaned u p o n gel p e r m e a t i o n 
c h r o m a t o g r a p h y (GPC) . L e o n i et al. (1992) r e p o r t e d a m e t h o d fo r the 
d e t e r m i n a t i o n o f 28 O P pesticides i n fatty a n d non-fat ty foods. E x t r a c t i o n was 
ca r r ied o u t us ing acetone, acetone-water a n d c leanup o n carbon-celi te. Holstege 
et al. (1991) descr ibed a mu l t i r e s idue m e t h o d fo r the d e t e r m i n a t i o n o f 43 O P 
insecticides i n p l a n t a n d a n i m a l tissues. T h e O P insecticides were ex t rac ted 
w i t h m e t h a n o l - d i c h l o r o m e t h a n e (1:9) a n d c leaned u p us ing au toma ted GPC 
a n d silica gel m i n i co lumns . 
T h e present m e t h o d used i n the l abora tory fo r the analysis o f O P pesticides 
does n o t i n c l u d e c leanup procedures p r i o r to GC-FPD d e t e r m i n a t i o n . As a 
result , c o n t a m i n a t i o n of ten occurs i n the G C i n l e t a n d G C c o l u m n . I n o r d e r 
to address this p r o b l e m , a s imple a n d r a p i d c leanup m e t h o d needs to be 
deve loped for r o u t i n e analysis. T h e SPE m e t h o d was chosen because less 
solvent is used, sample c lean u p time can be r educed a n d cross-contaminat ion 
can be e l i m i n a t e d . 
Several SPE me thods f o r O P pesticides c leanup i n d i f f e ren t mat r ixes have 
been r epo r t ed . Benne t t et al. (1997) descr ibed a m e t h o d us ing octadecyl (C18) 
a n d a m i n o p r o p y l ( N H 2 ) sil ica cartr idges fo r the d e t e r m i n a t i o n o f 19 O P 
pesticides i n l i q u i d w h o l e m i l k . F i l l i o n et al. (2000) deve loped a m e t h o d fo r the 
d e t e r m i n a t i o n o f O P pesticides i n frui ts a n d vegetables us ing octadecyl C I 8 , 
ca rbon a n d a m i n o p r o p y l cartr idges. C o o k et al. (1999) used C18 SPE as c leanup 
fo r the de tec t ion o f pesticides i n spinach, oranges, tomatoes a n d peaches. A 
m e t h o d us ing silica gel SPE c leanup fo r O P nemat ic ides d e t e r m i n a t i o n was 
descr ibed by Coope r et al. (1994) . Jansson (2000) r e p o r t e d g o o d recoveries f o r 
O P pesticides, p a r a t h i o n , t r i c h l o r f o n a n d d i m e t h o a t e i n honey us ing Isolute 
E N V + . Sher idan et al. (1999) used qua te rnary a m i n e ( S A X ) , PSA a n d Envi-carb 
fo r O P pesticides c leanup p r i o r to gas chromatograph-mass spec t rometry ( G C / 
MS) d e t e r m i n a t i o n . A m e t h o d us ing C I 8 a n d L C - a m i n o f o r c leanup o f soi l 
extract a n d G C / M S d e t e r m i n a t i o n was r e p o r t e d by M o g a d a t i et al. (1999) . 
Yamazaki et al. (1999) descr ibed a m e t h o d us ing SAX a n d PSA fo r c leanup o f 
ch lorpyr i fos a n d m e t h y l p a r a t h i o n i n oranges. Gi l lespie et al. (1995) used C18 
a n d a l u m i n a c leanup m e t h o d for O P i n vegetable oils a n d bu t t e r fat. A n SPE 
C18 m e t h o d for c leanup o f m e t h y l p a r a t h i o n a n d m e t h y l p a r a o x o n i n m i l k was 
r e p o r t e d by Baynes et al. (1995) . 
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This paper repor ts the d e t e r m i n a t i o n o f O P pesticides i n vegetables us ing 
GC-FPD. Residues were extracted w i t h acetone a n d d i c h l o r o m e t h a n e . Extracts 
were c leaned u p o n solid-phase ex t rac t ion , S A X / N H 2 . T h e results ob t a ined 
were c o m p a r e d to the m e t h o d cu r ren t ly used i n the laboratory. 
P R O C E D U R E / M E T H O D 
Chemicals and Reagents 
A l l the chemicals a n d reagents were o f analytical grade. Pesticide standards 
were o b t a i n e d f r o m D r . Ehrenstorter™ , Germany. SPE tubes, Isolute S A X / N H 2 
(1 g sorbent i n 6 m L tube) were purchased f r o m I n t e r n a t i o n a l Sorbent 
Techno logy . 
Instrumentation 
A Hewlet t -Packard Gas C h r o m a t o g r a p h 5890 Series I I e q u i p p e d w i t h Flame 
P h o t o m e t r i c De tec to r was used. G C cond i t i ons were : In jec tor t empera tu re , 
260°C; de t ec to r (FPD) 250°C; ca r r i e r f l ow ( n i t r o g e n ) 4 m L / m i n ; oven 
t empera tu re , 120°C (1.0 m i n ) , rate 3 0 ° C / m i n to 150°C, rate 5 ° C / m i n to 270°C 
(10 m i n ) ; a i r f low : 80 m L / m i n ; h y d r o g e n f low : 67 m L / m i n . O P pesticides 
were analysed o n a HP5 , 15 m x 0.53 m m x 1.5 m m c o l u m n . 
Procedures 
T h r e e types o f vegetables: car ro t (Daucus carota), cucumber (Cucumis saliva), 
a n d green mus t a rd (Brassica chinensis) w h i c h represent roo t , cucurbi t s a n d 
brassica famil ies respectively were selected fo r this study. Each sample was 
fo r t i f i ed w i t h eleven pesticide standards at 0.5 p p m . Three replicate for t i f icat ions 
fo r each m a t r i x type were p repared . 
E x t r a c t i o n was ca r r i ed o u t based o n procedures descr ibed by Ste inwandter 
(1985) . Fifty g o f the sample was homogen i sed w i t h 100 m L acetone, 75 m L 
d i c h l o r o m e t h a n e a n d 15 g s o d i u m c h l o r i d e i n a b l ende r fo r 3 m i n . T h e 
organic phase was t ransferred to a beaker a n d 3 g o f s o d i u m sulphate was 
added . For the r o u t i n e m e t h o d , the extract was in jec ted d i rec t ly i n t o the G C 
fo r O P d e t e r m i n a t i o n w i t h o u t c leanup. For the SPE m e t h o d , the S A X / N H 2 
sorbent was used fo r c leanup o f the OP extract . 
T h e S A X / N H 2 was c o n d i t i o n e d w i t h 10 m L o f acetone : p e t r o l e u m e ther 
(1 :2) . 2 m L o f ext rac t was t ransferred to the SPE tube. T h e SPE tube was e l u t e d 
w i t h 10 m L o f c o n d i t i o n i n g solvent at a f low rate o f 1 m L / m i n . T h e eluate was 
analysed fo r O P pesticides us ing GC-FPD. 
Statistical Analysis 
A t-test was used to d e t e r m i n e the significance o f the difference between the 
cu r r en t m e t h o d a n d the SPE m e t h o d i n terms o f recovery. T h e y were considered 
significandy d i f fe ren t w h e n values o f t (calculated) > t (c r i t ica l ) at 95% confidence 
level. 
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R E S U L T S A N D D I S C U S S I O N 
Optimisation of SPE Conditions 
T h e SPE cond i t i ons were o p t i m i s e d to o b t a i n g o o d recoveries fo r O P pesticides. 
A m o n g the parameters s tud ied were f low rate a n d solvent po la r i ty . T h e studies 
showed tha t a f low rate o f 1 m L / m i n fo r the e l u t i o n was suff ic ient to recover 
most o f the O P pesticides. T h e f low rate can be increased to 3 - 4 m L / m i n 
w i t h o u t affect ing the results. 
D e v e l o p m e n t o f the solvent system was based o n several c r i te r ia . Solvents 
w h i c h were hazardous o r expensive to dispose o f were n o t evaluated. A vola t i le 
solvent system mus t be used as r a p i d evapora t ion o f a large solvent v o l u m e 
w o u l d be r e q u i r e d i n sample p r e p a r a t i o n w i t h o u t causing loss o f vola t i le 
pesticides. T h e solvent system mus t be suff lc iendy po l a r to extract mos t po l a r 
pesticides. T h e f ina l sample extract s h o u l d have m i n i m u m m a t r i x co-extractives. 
M i x t u r e s o f three solvents were used i n this study: acetone, hexane a n d 
p e t r o l e u m ether . A l o w po la r i t y solvent m i x t u r e such as acetone:hexane (5:95) 
d i d n o t suff icient ly remove a l l the O P pesticides. Increase o f the solvent 
m i x t u r e po la r i t y i m p r o v e d recovery. I t was f o u n d tha t acetone : p e t r o l e u m 
ether (1:2) resul ted i n g o o d recoveries fo r mos t o f the O P pesticides s tud ied 
except m e t h a m i d o p h o s . However , increas ing the c o m p o s i t i o n o f po l a r solvent 
f u r t h e r resul ted i n l o w recoveries fo r some o f the pesticides s tud ied . T h e 
cr i t i ca l factor observed was tha t the SPE tube s h o u l d n o t be left d ry after e l u t i n g 
the samples, since l o w recoveries may result . T e n m L o f e l u t i n g solvent was 
sufficient to c o n d i t i o n the SPE tube a n d to elute the analytes. Inc reas ing the 
a m o u n t o f solvent fo r e l u t i o n d i d n o t i m p r o v e recovery. T h e o p t i m a l cond i t i ons 
for O P pesticides were f o u n d to be as fol lows : (a) solvent mix tu re :ace tone : 
p e t r o l e u m e ther (1 :2) ; (b) v o l u m e o f e l u t i n g solvent: 10 m L ; (c) f low rate o f 
e l u t i o n : 1 m L / m i n . 
Recovery Studies 
Eleven O P pesticides were selected fo r this study. T h e y were m e t h a m i d o p h o s , 
d ime thoa te , d i a z i n o n , to lcofos-methyl , f e n i t r o t h i o n , ch lorpyr i fos , phen thoa t e , 
p ro th io fos , triazofos, cyanofenfos a n d azinphos-ethyl . Excep t fo r tolcofos-
me thy l w h i c h is a fung ic ide , the rest are insecticides. These pesticides are 
f requendy used by vegetable farmers a n d c o m m o n l y de tec ted i n residue 
surveys. T h e pesticides were f o r t i f i e d at 0.5 p p m level a n d the results are g iven 
i n Tab le 1. T h e recoveries fo r t en O P pesticides were w i t h i n the acceptable 
range o f 70 - 120% (Parker 1991) . T h e recovery fo r these pesticides r anged 
f r o m 94.3 % - 108.7% w i t h coeff ic ient o f va r i a t ion (CV) o f 3 . 1 % to 8 . 1 % . A low 
recovery o f 17.3% was o b t a i n e d fo r the p o l a r pest icide, m e t h a m i d o p h o s . T h i s 
is due to s t rong r e t e n t i o n o f this pest icide by the po l a r SPE a n i o n exchange 
sorbent , S A X / N H 2 . M e t h a m i d o p h o s is a p o l a r pest icide w i t h so lub i l i t y o f 
200,000 m g / L i n water. D imethoa te is less po la r w i t h solubi l i ty o f 25,000 m g / L 
wh i l e so lubi l i ty fo r o the r O P pesticides tested is i n the range o f 0.05 m g / L to 
40 m g / L . 
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TABLE 1 
Recovery of organophosphorus pesticides 
Pesticide Recovery ( a ) % CV % 
Methamidophos 17.3 4.2 
Dimethoate 108.7 5.9 
Diazinon 104.3 5.5 
Tolcofos-methyl 103.3 8.1 
Fenitrothion 95.0 4.6 
Chlorpyrifos 102.3 4.6 
Phenthoate 105.7 4.9 
Prothiofos 102.7 4.9 
Triazofos 103.7 4.0 
Cyanofenfos 101.7 3.2 
Azinphos-ethyl 94.3 3.1 
(a) : n = 3 
CV : coefficient o f variation 
Method Validation 
T h r e e types o f vegetables: carrot , c u c u m b e r a n d green mus ta rd w h i c h represent 
roo t , cucurbi ts a n d brassica families respectively were selected fo r this study. 
Each g r o u p contains d i f fe ren t chemica l c o m p o u n d s w h i c h may co-elute w i t h 
the pest icide. Th i s may in ter fere w i t h the GC analysis o f sample extracts. 
a. C a r r o t 
Recoveries o f O P pesticides f r o m f o r t i f i e d ca r ro t samples us ing S A X / N H 2 
cleanup a n d w i t h o u t c leanup are shown i n Tab le 2. Fo r the m e t h o d w i t h o u t 
c leanup, the recoveries fo r eleven pesticides were w i t h i n the acceptable range. 
T h e recoveries fo r these pesticides were f r o m 76% to 108.3% w i t h C V o f 5.0 -
11.0%. Comparab le results were ob t a ined fo r SPE S A X / N H , c leanup m e t h o d 
fo r n i n e O P pesticides. T h e recoveries ranged f r o m 92 .0% to 115.0% w i t h C V 
o f 4.0 - 7.2%. L o w recoveries were observed for m e t h a m i d o p h o s a n d d imethoa te . 
Th i s is due to s t rong r e t e n t i o n by po la r a n i o n exchange sorbents, S A X / N H 2 as 
these pesticides are m o r e po la r c o m p a r e d to the o t h e r O P pesticides. Statistical 
analysis showed tha t the t-value fo r n i n e pesticides was 7.13 w h i c h was h i g h e r 
t h a n the c r i t i ca l value. There fo re , there was a s ignif icant d i f ference between t h ^ 
SPE m e t h o d a n d the c u r r e n t m e t h o d w i t h o u t c leanup. T h e SPE c leanup 
m e t h o d results i n i m p r o v e m e n t i n the recoveries. 
T h e ch romatograms for car ro t samples us ing S A X / N H c leanup a n d w i t h o u t 
c leanup are shown i n Figs. 1 a n d 2. B o t h chromatograms showed no interference 
peaks co-eluted w i t h O P pesticides because FPD i n phosphorus m o d e is 
selective a n d specific r e spond ing to phosphorus c o m p o u n d s . T h e c o l o u r o f the 
extract w i t h o u t c leanup was r e d whi l e after the c leanup i t was yel low. T h e glass 
w o o l i n the l i n e r a n d the head o f the GC c o l u m n were cleaner after several 
in ject ions c o m p a r e d to the m e t h o d w i t h o u t c leanup. Th i s effect is m o r e 
p r o m i n e n t a n d is ref lected i n the c h r o m a t o g r a m w h e n a less specific de tec tor 
Pertanika J. Sci. 8c Technol. Vol . 11 No. 1, 2003 97 
Alvin Chai Lian Kuet & Lau Seng 
T A B L E 2 
Recovery of organophosphorous pesticides from spiked carrot samples with and 
without S A X / N H 2 cleanup 
S A X / N H 2 No cleanup 
Pesticide Recovery ( a ) % CV % Recovery ( a ) % CV % 
Methamidophos* 0 0 76.0 5.0 
Dimethoate* 30.3 17.0 108.3 6.0 
Diazinon 92.0 6.1 89.3 9.3 
Tolcofos-m ethyl 113.3 5.8 98.7 10.7 
Fenitrothion 108.7 5.7 102.0 6.1 
Chlorpyrifos 112.3 5.8 99.3 11.0 
Phenthoate 109.7 5.7 97.0 8.9 
Prothiofos 115.0 7.2 103.7 10.0 
Triazofos 105.3 4.0 95.7 8.1 
Cyanofenfos 112.7 4.0 99.7 7.2 
Azinphos-ethyl 102.3 6.8 97.3 9.2 
AV 107.9 98.1 
SD 7.2 4.1 
AV : Average mean excluding * 
SD : Standard deviation excluding * 
CV : Coefficient of variation 
(a) : n = 3 
such as e lec t ron capture de tec tor is used. T h e advantage o f the SPE m e t h o d 
over the c u r r e n t m e t h o d w i t h o u t c l eanup is tha t the f o r m e r r e m o v e d a 
substantial a m o u n t o f co-extractives f r o m the samples. Th i s can reduce the cost 
o f GC ma in t enance especially fo r the GC i n l e t a n d c o l u m n . W i t h o u t the SPE 
cleanup, the glass w o o l inser t i n the l i n e r needs to be rep laced very of ten a n d 
the l i n e r needs to be c leaned regular ly . C o n t a m i n a n t s s ignif icant ly reduce the 
pe r fo rmance a n d l i f e t ime o f c h r o m a t o g r a p h y co lumns . T h e o t h e r advantage o f 
SPE is tha t less solvent is used c o m p a r e d to conven t iona l c l eanup me thods such 
as gel p e r m e a t i o n c h r o m a t o g r a p h y (GPC) w h i c h requires large amoun t s o f 
solvent a n d is time c o n s u m i n g . Also , cross-contaminat ion can be e l i m i n a t e d as 
the S A X / N H 2 tube is d iscarded after use. 
b . C u c u m b e r 
Recoveries o f O P pesticides f r o m f o r t i f i e d c u c u m b e r samples u s ing S A X / N H 2 
a n d w i t h o u t c leanup are given i n Tab le 3. T h e recoveries fo r 9 O P pesticides 
us ing c leanup were w i t h i n the acceptable range. T h e y ranged f r o m 80.3% to 
95.3% w i t h C V o f 2.5% to 7 . 1 % . A lower recovery was o b t a i n e d fo r d i m e t h o a t e 
whi le a l l the m e t h a m i d o p h o s was lost d u r i n g the c leanup. Th i s is due to s t rong 
r e t e n t i o n o f these pesticides by the p o l a r a n i o n exchange sorbent , S A X / N H as 
they are m o r e po la r c o m p a r e d to o t h e r O P pesticides. As a result , they were n o t 
e lu ted by the po la r solvent. T h e recoveries fo r the m e t h o d w i t h o u t c leanup 
ranged f r o m 69.3% to 111.0% w i t h C V o f 1.2% to 6.2%. Statistical analysis 
98 Pertanika J. Sci. & Technol. Vo l . 11 No. 1, 2003 
Determination of Organophosphorus Pesticides in Vegetables 
f) 
o 
1 
R e s p o n s e 
U 
(I 
1 . 
Q 
0 
(J 
3 
0 r 
i^g. 1: GC chromatogram of carrot extract after SPE cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tolcofos-methyl; 5, fenitrothion; 6, 
chlorpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; 10, cyanofenfos, 11, azinphos-methyl 
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Hg. 2: GC chromatogram of carrot extract without cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tolcofos-methyl; 5, fenitrothion; 6, 
chlorpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; cyanofenfos, 11, azinphos-methyl 
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showed tha t there was a s igni f icant di f ference be tween these two me thods as the 
t-value o b t a i n e d was h i g h e r t h a n the c r i t i ca l value. The re fo re , the SPE m e t h o d 
is less eff ic ient i n this case. 
T h e ch roma tog rams fo r SPE c leanup a n d those w i t h o u t c leanup are shown 
i n Figs. 3 a n d 4. N o i n t e r f e r i n g peaks were observed i n the ch roma tog rams as 
the phosphoros specific de tec tor was used. As l i t t l e c o l o u r e d c o m p o u n d s are 
present i n cucumbers , the extract was colourless after SPE c leanup, w h i l e the 
c o l o u r o f the extract o b t a i n e d p r i o r to c leanup was l i g h t green. W i t h the SPE 
cleanup, the extract was cleaner a n d therefore less G C main tenance is r e q u i r e d . 
TABLE 3 
Recovery o f organophosphorous pesticides from spiked cucumber samples with and 
without S A X / N H 2 cleanup 
S A X / N H 2 No cleanup 
Pesticide Recovery ( a ) % CV % Recovery ( a ) % CV % 
Methamidophos* 0 0 69.3 1.5 
Dimethoate* 51.7 6.0 111.0 6.2 
Diazinon 86.7 4.6 96.3 4.0 
Tolcofos-methyl 87.0 5.3 94.3 3.1 
Fenitrothion 89.0 6.1 98.3 1.5 
Chlorpyrifos 82.0 7.0 91.7 4.2 
Phenthoate 95.3 5.9 97.3 1.2 
Prothiofos 80.3 7.1 92.3 4.0 
Triazofos 94.0 3.5 97.0 2.0 
Cyanofenfos 91.3 6.1 89.3 1.5 
Azinphos-ethyl 91.3 2.5 101.0 4.0 
AV 88.5 95.3 
SD 5.1 3.7 
AV : Average mean excluding * 
CV : Coefficient of variation 
SD : Standard deviation excluding * 
(a) : n = 3 
c. Green M u s t a r d 
T h e recovery results o b t a i n e d f r o m sp iked g reen m u s t a r d samples us ing S A X / 
N H 2 a n d w i t h o u t c leanup are g iven i n Tab le 4. T h e recoveries o b t a i n e d fo r 10 
O P pesticides us ing the f o r m e r m e t h o d were w i t h i n the acceptable range. T h e y 
ranged f r o m 82.0% to 102.0% w i t h C V o f 2 .7% to 9.9%. T h e o n l y pest icide w i t h 
low recovery was m e t h a m i d o p h o s . Th i s is due to s t rong r e t e n t i o n o f po la r 
pesticides by the a n i o n exchange sorbent . The re fo re , the solvent was unab le to 
elute the pest icide. As c o m p a r e d to ca r ro t a n d cucumber , h i g h e r recoveries 
were ob ta ined fo r d ime thoa te . Fo r semi-polar pesticides such as d ime thoa t e , 
the a m o u n t o f absorp t ion var ied d e p e n d i n g o n the sample types. The re fo re , 
there was wide va r i a t ion a m o n g the three types o f vegetables tested. T h e 
recoveries o b t a i n e d fo r the m e t h o d w i t h o u t c leanup were between 74.3% to 
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5: GC chromatogram of cucumber extract after SPE cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tolcofos-methyl; 5, fenitrothion; 
6, chlorpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; 10, cyanofenfos, 11, azinphos-methyl 
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4: GC chromatogram of cucumber extract without cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tolcofos-methyl; 5, fenitrothion; 
6, chlorpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; 10, cyanofenfos, 11, azinphos-methyl 
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118.3% w i t h C V o f 0.6% to 6 . 1 % . Statistical analysis showed tha t there was a 
s ignif icant d i f ference between these two me thods as the t-value ob t a ined was 
h i g h e r t h a n the c r i t i ca l value. 
TABLE 4 
Recovery of organophosphorus pesticides from spiked green mustard 
samples with and without S A X / N H 2 cleanup 
S A X / N H 2 No cleanup 
Pesticide Recovery ( a ) % CV % Recovery ( a ) % C V % 
Methamidophos* 15.3 4.5 74.3 1.5 
Dimethoate 102.0 9.9 118.3 6.1 
Diazinon 88.3 6.5 92.3 1.5 
Tolcofos-m ethyl 92.0 4.6 89.7 1.5 
Fenitrothion 91.3 4.7 93.3 5.9 
Chlorpyrifos 94.0 5.2 96.7 2.1 
Phenthoate 89.7 4.5 93.3 3.2 
Prothiofos 90.7 7.4 97.3 0.6 
Triazofos 86.0 2.7 89.7 4.0 
Cyanofenfos 88.0 5.3 91.3 3.2 
Azinphos-ethyl 82.0 4.6 92.3 6.1 
AV 90.4 95.5 
SD 5.3 8.4 
AV : Average mean excluding * 
SD : Standard deviation excluding * 
CV : Coefficient o f variation 
(a) : n = 3 
T h e ch roma tog rams fo r SPE c leanup a n d w i t h o u t c l eanup are shown i n Figs. 
5 a n d 6. T h e extract o b t a i n e d after SPE c leanup was l i g h t g reen as c o m p a r e d 
to d a r k green w i t h o u t c leanup. T h e SPE c leanup r e m o v e d a substantial a m o u n t 
o f c o l o u r e d c o m p o u n d s f r o m the sample. As discussed earl ier , c leaner extracts 
are p re fe r r ed as less G C ma in tenance is r e q u i r e d . N o i n t e r f e r i n g peaks were 
observed i n e i the r c h r o m a t o g r a m . 
C O N C L U S I O N 
T h e results f r o m this study show that S A X / N H 2 is sui table f o r c leanup o f 
vegetable extracts fo r most o f the O P pesticides tested. T h e i r recoveries were 
w i t h i n the acceptable range. However , SPE is n o t suitable fo r p o l a r pesticides 
such as m e t h a m i d o p h o s . As the use o f m e t h a m i d o p h o s is p r o h i b i t e d o n most 
f o o d crops i n c l u d i n g vegetables, this m e t h o d can s t i l l be used fo r r o u t i n e 
pesticide analysis i n vegetables. T h i s i n i t i a l study has shown tha t the SPE 
m e t h o d has po t en t i a l as an al ternat ive to the conven t iona l m e t h o d for O P 
pesticide analysis i n vegetable a n d f r u i t crops. T h e SPE m e t h o d affords a 
cleaner extract a n d as such i t reduces GC main tenance , especially o n capi l lary 
co lumns a n d the in jec to r in le t . Th i s clean extract may also be suitable fo r E C D 
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5: GC chromatogram of green mustard extract after SPE cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tokofos-methyl; 5, fenitrothion; 
6, chlcnpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; 10, cyanofenfos, 11, azinphos-methyl 
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Fig. 6: GC chromatogram of green mustard extract without cleanup. 
Peak: 1, methamidophos; 2, dimethoate; 3, diazinon; 4, tokofos-methyl; 5, fenitrothion; 
6, chUrrpyrifos; 7, phenthoate; 8, prothiofos; 9, triazophos; 10, cyanofenfos, 11, azinphos-methyl 
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m e t h o d d e t e r m i n a d o n o f o r g a n o c h l o r i n e a n d p y r e t h r o i d pesticides w i t h o u t 
fu r the r c o l u m n c leanup. T h e SPE c o n d i t i o n s ob t a ined f r o m this study are 
f o u n d to be mos t prac t ica l f o r r o u t i n e analysis o f vegetables i n o u r labora tory . 
However , f u r t h e r studies to op t imise the sample size a n d de tec t ion l i m i t w i l l be 
done i n fu tu re . 
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ABSTRAK 
Satu kaedah yang ringkas dan cepat telah dihasilkan untuk menentukan lima 
jenis racun perosak pirethroid pada sayur-sayuran. Sisa baki racun perosak 
diekstrak dengan aseton dan metilena klorida. Ekstrak dibersihkan dengan 
turus ekstraksi fasa pepejal amina kuaterner dan aminopropil . Racun perosak 
ditentukan dengan kromatografi gas yang dilengkapkan dengan pengesan 
tangkapan elektron. Pemulihan daripada tiga jenis sayur-sayuran iaitu lobak 
merah, t imun dan sawi hijau pada aras 0.25 - 0.5 m g / k g adalah di antara 72.0 
dan 117.0%. Keputusan in i adalah setanding dengan yang diperoleh daripada 
kaedah pembersihan melalui gel silika. 
A B S T R A C T 
A simple and rapid method has been developed for the simultaneous 
determination of five pyrethroid pesticides in vegetables. Residues were extracted 
with acetone and methylene chloride. Extracts were cleaned up by solid-phase 
extraction mixed-mode column using quaternary amine and aminopropyl 
sorbents. The pesticides were determined by gas chromatography with electron 
capture detector. The recoveries from three vegetables: carrot, cucumber and 
green mustard, spiked at 0.25-0.5 m g / k g were 72.0 to 117.0%. The results were 
comparable to those obtained by the silica gel cleanup method. 
Keywords: Solid-phase extraction, pyrethroid pesticides, gas chromatography 
I N T R O D U C T I O N 
T h e use o f p y r e t h r o i d insecticides i n agr icu l tu re has increased rap id ly since the 
d e v e l o p m e n t o f the first p y r e t h r o i d , p e r m e t h r i n , i n the 1970s. Th i s is because 
o f t he i r desirable e n v i r o n m e n t a l proper t ies o f shor t persistence a n d n o n -
tox ic i ty to mammals . These features, c o m b i n e d w i t h the i r b r o a d spec t rum o f 
insect ic idal activity a n d the compara t ive ly low app l i ca t i on rates r e q u i r e d fo r 
insect c o n t r o l , have made the p y r e t h r o i d an env i ronmenta l ly safe a n d acceptable 
al ternat ive to o r g a n o c h l o r i n e pesticides. I n Malaysia, they are wide ly used fo r 
vegetable cu l t iva t ion t h r o u g h o u t the g r o w i n g season. As these insecticides have 
a shor ter preharvest in te rva l o f between 3 - 5 days, they are the p re fe r red choice 
o f insecticides near harvest, as they d o n o t pose a residue p r o b l e m . Based o n 
the residue survey ca r r i ed o u t by the D e p a r t m e n t o f A g r i c u l t u r e , Sarawak f r o m 
1987 - 2000, these insecticides const i tu te on ly a small p o r t i o n o f the to ta l 
v i o l a t i o n even t h o u g h they are the most widely used pesticides by vegetable 
farmers i n Sarawak (Cha i 2000) . 
Alvin Chai Lian Kuet & Lau Seng 
P y r e t h r o i d pesticides are usually m o r e d i f f i c u l t to d e t e r m i n e than the 
organophosphates because o f the i r appreciably lower levels o f app l i ca t ion . 
These c o m p o u n d s consist o f a m i x t u r e o f stereoisomers. The re fo re , separat ion 
is m o r e easily ca r r i ed o u t o n capi l lary c o l u m n . Several me thods fo r the 
d e t e r m i n a t i o n o f pyre th ro ids have been r e p o r t e d . Baker et al. (1982) deve loped 
a mul t i - res idue m e t h o d fo r the d e t e r m i n a t i o n o f py re th ro ids i n f r u i t a n d 
vegetables. Residues were first ex t rac ted w i t h hexane a n d acetone. T h e extracts 
were t h e n c l e a n e d u p o n s i l i ca g e l c o l u m n a n d d e t e r m i n e d by gas 
c h r o m a t o g r a p h y ( G C ) w i t h e l e c t r o n cap ture de t ec to r ( E C D ) a n d l i q u i d 
c h r o m a t o g r a p h y ( L C ) . Procedures based o n GC have also been r e p o r t e d by 
Bolgyo et al. (1983) fo r the d e t e r m i n a t i o n o f six p y r e t h r o i d pesticides i n frui ts , 
vegetables a n d leaves by us ing acetone a n d methy lene c h l o r i d e ex t r ac t ion a n d 
carbon-magnesia<l iatomaceous ear th a n d a l u m i n a c leanup. B o t t o m l e y et al 
(1984) have d e t e r m i n e d p y r e t h r o i d pesticides i n g r a i n us ing L C . Samples were 
extracted w i t h acetone a n d m e t h a n o l a n d c leaned u p o n a l u m i n i u m o x i d e 
c o l u m n . 
Pang et al. (1994) descr ibed a s imple a n d r a p i d packed c o l u m n G C m e t h o d 
fo r the s imul taneous d e t e r m i n a t i o n o f t en p y r e t h r o i d insecticides i n grains, 
f rui ts a n d vegetables us ing acetone a n d p e t r o l e u m e ther ex t rac t ion . T h e 
extracts were c leaned u p o n a f l o r i s i l c o l u m n o r a c o l u m n consis t ing o f a 
m i x t u r e o f f l o r i s i l , charcoal a n d a l u m i n a . A G C m e t h o d fo r the d e t e r m i n a t i o n 
o f n i n e p y r e t h r o i d insecticides i n p roduc t s o f a n i m a l o r i g i n was r e p o r t e d (Pang 
et al 1994) . Pang et al. (1995) d e t e r m i n e d n i n e p y r e t h r o i d insecticides i n f rui ts 
a n d vegetables us ing m e t h a n o l a n d to luene as extractants f o l l o w e d by f lo r i s i l 
a n d charcoal c o l u m n c h r o m a t o g r a p h y c leanup. B r a u n et al (1982) r e p o r t e d a 
mul t i - res idue m e t h o d fo r the d e t e r m i n a t i o n o f p y r e t h r o i d pesticides i n celery 
a n d a n i m a l p roduc t s . 
N u m e r o u s me thods fo r the d e t e r m i n a t i o n o f the residues o f p y r e t h r o i d 
pesticides i n d i f f e ren t matr ices us ing so l id phase ex t r ac t i on (SPE) c leanup have 
been developed. Benne t t et al (1997) deve loped a m e t h o d for the d e t e r m i n a t i o n 
o f p e r m e t h r i n a n d o t h e r pesticides i n l i q u i d w h o l e m i l k us ing octadecyl ( C I 8 ) 
a n d a m i n o p r o p y l ( N H 2 ) silica cartr idges. Jasson et al (2000) r e p o r t e d g o o d 
r e c o v e r i e s f o r t w e n t y six p e s t i c i d e s i n c l u d i n g p y r e t h r o i d p e s t i c i d e s , 
l amda-cyha lo th r in , c y f l u t h r i n , esfenvalerate a n d d e l t a m e t h r i n i n honey us ing 
Isolute E N V + . M o g a d a t i et al. (1999) descr ibed a m e t h o d u s ing C18 a n d L C -
a m i n o for the c leanup o f soil extracts p r i o r to gas c h r o m a t o g r a p h y / m a s s 
spect rometry ( G C / M S ) d e t e r m i n a t i o n . Sher idan et al (1999) a p p l i e d G C / M S 
fo r the d e t e r m i n a t i o n o f p y r e t h r o i d pesticides i n f rui ts , vegetables a n d m i l k 
us ing quaternary amine (SAX) a n d e thy lened iamine-N-propyl (PSA) as sorbents. 
C o o k et al (1999) r e p o r t e d C18, f lo r i s i l a n d a m i n o p r o p y l SPE c leanup fo r the 
d e t e r m i n a t i o n o f c y p e r m e t h r i n , fenvalerate, p e r m e t h r i n a n d o t h e r pesticides i n 
f r u i t s a n d vegetables . F i l l i o n et al ( 2000 ) d e s c r i b e d t h e r e m o v a l o f 
co-extractives i n f rui ts a n d vegetables us ing C I 8 a n d N H 2 SPE c leanup, f o l l o w e d 
by G C / M S a n d L C fluorescence de tec t ion . 
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Thi s paper repor ts the ex t rac t ion o f p y r e t h r o i d pesticides i n vegetables 
us ing acetone a n d methy lene c h l o r i d e fo l l owed by clean u p o n SPE S A X / N H 2 
a n d d e t e r m i n a t i o n o n GC-ECD. T h e results ob t a ined were c o m p a r e d to the 
c u r r e n t m e t h o d us ing silica gel c o l u m n ch roma tog raphy c leanup. 
M E T H O D 
Chemicals and Reagents 
A l l the chemicals a n d reagents were o f analytical grade. Pesticide standards 
were o b t a i n e d f r o m D r . Ehrenstorfer™, Germany. SPE tubes, Isolute S A X / N H 2 
(1 g sorben t i n 6 m L tube) were purchased f r o m I n t e r n a t i o n a l Sorbent 
Techno logy . 
Instrumentation 
A Hewlet t -Packard 6890 gas c h r o m a t o g r a p h e q u i p p e d w i t h e lec t ron capture 
detector was used fo r the d e t e r m i n a t i o n o f p y r e t h r o i d pesticides. G C cond i t ions 
were : in jec to r t empera tu re , 260°C; detector , 280°C; carr ier flow ( n i t r o g e n ) 1.2 
m L / m i n ; oven t empera tu re , 120°C (0.5 m i n ) , rate 10°C/min to 180°C, rate 
6 ° C / m i n to 240°C, rate 10°C/min to 280°C (12 m i n ) . P y r e t h r o i d pesticides 
were analysed o n H P U l t r a 1, 25 m x 0.32 m m x 0.5 m m c o l u m n . 
Procedures 
T h e m e t h o d was v a l i d a t e d u s i n g f ive p y r e t h r o i d pe s t i c ide s , n a m e l y 
l amda-cyha lo th r in , p e r m e t h r i n , c y p e r m e t h r i n , fenvelerate a n d d e l t a m e t h r i n 
f o r t i f i e d i n ca r ro t (Daucus carota), c u c u m b e r (Cucumis sativus) a n d green 
mus ta rd (Brassica chinensis). Each sample was fo r t i f i ed w i t h 0.5 p p m o f each 
pesticide except l amda-cyha lo th r in w i t h 0.25 p p m . T h r e e repl icate for t i f ica t ions 
f o r each m a t r i x type were p repared . 
E x t r a c t i o n was ca r r i ed o u t us ing procedures descr ibed by Ste inwandter 
(1985) . A we igh t o f 50 g sample was homogen i sed i n a b l ende r c o n t a i n i n g 
100 m L acetone, 75 m L d i c h l o r o m e t h a n e a n d 15 g s o d i u m c h l o r i d e fo r 3 m i n . 
T h e homogen i sed m i x t u r e was a l lowed to separate i n t o organic a n d aqueous 
layers. T h e organic layer was t ransferred to a beaker a n d 3 g o f s o d i u m 
sulphate was a d d e d to remove any r e m a i n i n g water. 
For the cu r ren t m e t h o d , 2 m L o f extract was transferred to a chromatographic 
c o l u m n f i l l e d w i t h 10 g o f silica gel . T h e c o l u m n was e lu ted w i t h 80 m L o f 
me thy lene ch lor ide-hexane m i x t u r e (1:1 v / v ) . T h e e luant was analysed fo r 
p y r e t h r o i d pesticides o n GC-ECD. 
For the SPE m e t h o d , S A X / N H 2 sorbent was used fo r p y r e t h r o i d c leanup. 
T h e S A X / N H 2 was c o n d i t i o n e d w i t h 10 m L o f acetone : p e t r o l e u m e ther (1 :2) . 
2 m L o f the extract was t ransferred to the SPE tube. T h e SPE tube was e lu ted 
w i t h 10 m L o f c o n d i t i o n i n g solvent at a f low rate o f 1 m L / m i n . T h e e luant was 
analysed fo r p y r e t h r o i d pesticides us ing GC-ECD. 
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Statistical Analysis 
T h e t-test was used to d e t e r m i n e the s ignif icance o f the dif ference be tween the 
c u r r e n t m e t h o d a n d SPE m e t h o d i n terms o f recoveries. T h e y were cons idered 
s ignif icandy d i f f e ren t w h e n values o f t (calcula ted) > t (c r i t i ca l ) at 9 5 % 
conf idence level. 
R E S U L T S A N D D I S C U S S I O N 
Optimisation of SPE Conditions 
T h e SPE cond i t i ons were o p t i m i s e d to o b t a i n g o o d recoveries fo r p y r e t h r o i d 
pesticides. A m o n g the parameters s tud ied were f low rate a n d solvent po la r i ty . 
T h e studies c o n c l u d e d tha t a f low rate o f 1 m L / m i n to 1.5 m L / m i n was 
suff icient to recover the p y r e t h r o i d pesticides above 6 7 % w h e n the c o m b i n a t i o n 
o f ace tone /hexane o r a c e t o n e / p e t r o l e u m e ther was used. T h e f low rate can be 
increased to 3 - 4 m L / m i n w i t h o u t af fec t ing the efficiency o f recovery. F low 
rates o f less t h a n 1 m L / m i n resul ted i n l o w recoveries o f less t h a n 35% fo r a l l 
the pesticides s tud ied . 
D e v e l o p m e n t o f an o p t i m u m solvent system fo r p y r e t h r o i d pesticides was 
based o n several c r i te r ia . Solvents, w h i c h were hazardous o r expensive to be 
disposed of, were n o t evaluated. A vola t i le solvent system mus t be used, as r a p i d 
evaporat ion o f a large v o l u m e o f solvent w o u l d be r e q u i r e d i n sample p repara t ion 
w i t h o u t causing the loss o f vola t i le pesticides. T h e solvent system mus t be 
sufficiently po la r to ext rac t mos t po l a r pesticides. T h e final sample ext ract 
s h o u l d have on ly m i n i m a l co-extractives in te r fe rence . 
Solvent m ix tu r e s consis t ing o f any two o f the f o l l o w i n g solvents, namely 
acetone, hexane a n d p e t r o l e u m e ther i n var ious ratios ( v / v ) were used i n this 
study. L o w po la r i ty solvent m i x t u r e such as acetone : hexane (5:95) resul ted i n 
excel lent recoveries fo r p y r e t h r o i d pesticides. Inc reas ing the solvents' po l a r i t y 
d i d n o t result i n losses o f pesticides. A n a t t e m p t was made to use m o r e po la r 
e l u t i n g solvents such as acetone : p e t r o l e u m e ther (4 :1) . T h i s resul ted i n g o o d 
recoveries fo r a l l the p y r e t h r o i d pesticides s tudied . T h e c r i t i ca l factor to be 
observed was tha t the SPE tube s h o u l d n o t be left d ry after the samples were 
e lu ted . A v o l u m e o f 10 m L o f e l u t i n g solvents was suff ic ient to c o n d i t i o n the 
SPE tube a n d to e lute the analytes. Increase o f the v o l u m e o f solvent fo r 
e l u t i o n has n o t i m p r o v e d the recoveries. 
T h e study has f o u n d the o p t i m a l c o n d i t i o n s f o r the ex t r ac t ion o f p y r e t h r o i d 
pesticides to be as fol lows : (a) solvent m i x t u r e : acetone : p e t r o l e u m e ther 
(1:2) ; (b) v o l u m e o f e l u t i n g solvent : 10 m L ; (c) f low rate o f e l u t i o n : 1 m L / 
m i n . T h e study was c o n d u c t e d at r o o m t empera tu re (25°C) . 
Recovery Studies 
Five p y r e t h r o i d pesticides, namely lamda-cyha lo thr in , p e r m e t h r i n , cype rme th r in , 
fenvelerate a n d d e l t a m e t h r i n , were selected fo r this study. A c o n c e n t r a t i o n o f 
0.5 p p m o f pesticides was leached t h r o u g h SPE, S A X / N H 2 u s ing the o p t i m u m 
condi t ions . T h e results are g iven i n Tab le 1. T h e recoveries fo r p y r e t h r o i d 
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pesticides r anged f r o m 67.3 to 114.7% w i t h the coeff ic ient o f va r ia t ion (CV) 
r a n g i n g f r o m 3.1 to 11.5%. 
Method Validation 
T h r e e types o f vegetables, namely carrot , c u c u m b e r a n d green mus ta rd , w h i c h 
represent roo t , cucurbi ts a n d brassica family , were selected fo r this study. As 
each g r o u p contains d i f fe ren t chemica l compounds , they may co-elute w i t h the 
p y r e t h r o i d pesticides. T h i s may in ter fere w i t h the G C analysis o f sample 
extracts. 
a. C a r r o t 
Recoveries o f p y r e t h r o i d pesticides f r o m ca r ro t samples us ing S A X / N H 2 a n d 
silica gel c o l u m n c h r o m a t o g r a p h y c leanup are shown i n Tab le 2. For silica gel 
c leanup ( the reference m e t h o d ) , the recoveries r anged f r o m 91.0 to 116.7% 
w i t h C V o f 1.2 to 6.7%. Comparab le results were ob t a ined f r o m SPE S A X / N H 2 
c leanup m e t h o d w i t h recoveries r a n g i n g f r o m 92.3 to 117% w i t h C V o f 3.5 to 
11.4%. W h e n c o m p a r i n g these two methods , the t-value ob ta ined was 0.65 w i t h 
4 degrees o f f r eedom. As this value was lower t han the calculated t-value, there 
was n o s ignif icant dif ference between these two methods . 
Chroma tog rams for car ro t samples us ing S A X / N H 2 a n d silica gel c leanup 
are shown i n Figs. 1 a n d 2, respectively. B o t h ch romatograms showed n o 
in te r fe rence to peaks i d e n t i f i e d fo r p y r e t h r o i d pesticides. However , m o r e 
u n k n o w n peaks were observed i n the GC c h r o m a t o g r a m o f car ro t extract after 
SPE c leanup than that after silica gel c leanup. Th i s may be due to smaller 
amounts o f sorbent used i n SPE c leanup (1 g) than those i n silica gel c leanup 
(10 g ) . T h e c o l o u r o f b o t h extracts was yel low. I t is p roposed tha t a d d i t i o n a l 
c leanup us ing SPE solvent such as C I 8 is r e q u i r e d to remove the excessive co-
extractives present i n the sample. Several researchers have used m o r e t han two 
sorbents fo r the removal o f co-extractives (Sher idan a n d M e o l a 1999; C o o k et 
al. 1999; F i l l i o n et al. 2000) . Al te rna t ive ly , a smaller sample size o f 10 - 20 g is 
suggested instead o f 50 g. Th i s can reduce the m a t r i x interferences substantially. 
I n the SPE c leanup m e t h o d , on ly 10 m L o f solvent was used as c o m p a r e d to 
T A B L E 1 
Recovery o f pyrethroid pesticides 
Pesticide Recovery ( a ) % CV % 
Lamda-cyhalothrin 85.3 9.5 
Permethrin 103.0 11.5 
Cypermethrin 114.7 3.1 
Fenvalerate 110.3 4.9 
Deltamethrin 67.3 3.2 
(a) : n = 3 
CV : coefficient o f variation 
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80 m L i n the convent iona l silica gel c leanup. T h e SPE cleanup allows a u t o m a t i o n 
a n d thus shortens the time needed fo r the analysis. These advantages i n the 
SPE m e t h o d w i l l be most we lcome i n r o u t i n e analysis tha t requires h i g h o u t p u t . 
C o n t a m i n a t i o n can be e l i m i n a t e d i n SPE as the tube is d iscarded after use. N o 
hazardous solvent such as me thy lene c h l o r i d e was used i n the SPE m e t h o d . 
b. C u c u m b e r 
T h e results o f p y r e t h r o i d pesticides recovery f r o m sp iked c u c u m b e r samples 
us ing the S A X / N H < 2 a n d silica gel c l eanup me thods are given i n Tab le 3. F o r 
the S A X / N H 2 m e t h o d , the recoveries were 85 to 97 .7% w i t h C V o f 3.5 to 9.0%. 
TABLE 2 
Recovery o f pyrethroid pesticides from spiked carrot samples 
S A X / N H 2 cleanup and silica gel cleanup 
using 
S A X / N H S Silica gel 
Pesticide (reference method) 
Recovery ( a ) % CV 9 b Recovery ( a ) % CV % 
Lamda-cyhalothrin 105.7 11.4 100.3 1.2 
Permethrin 96.0 3.6 106.3 2.1 
Cypermethrin 106.0 3.5 111.7 6.7 
Fenvalerate 117.0 3.5 116.7 5.7 
Deltamethrin 92.3 4.2 91.0 3.6 
AV 103.4 105.2 
SD 9.7 10.0 
AV : average mean 
SD : standard deviation 
CV : coefficient o f variation 
(a) : n = 3 
5 Hz 
4000-
3500 -
3000-: 
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Fig. 1: GC chromatogram of carrot extract after SPE cleanup. Peaks: /, lamda-cyhalothrin; 
2, 3y permethrin; 4y 5, 6, cypermethrin; 7, 8, fenvalerate; 9, deltamethrin 
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Fig. 2: GC chromatogram of carrot extract after silica gel cleanup. Peaks: 1, lamda-cyhalothrin; 
2, 3, permethrin; 4, 5, 6, cypermethrin; 7, 8, fenvalerate; 9, deltamethrin 
C o r r e s p o n d i n g results o f 76.3 to 100.0% were ob ta ined fo r the silica gel 
m e t h o d . T h e C V was between 2.7 to 7.6%. Statistical analysis showed that there 
was n o s igni f icant dif ference between these two me thods as the t-value ob ta ined 
was lower t h a n the c r i t i ca l value. T h e ch romatograms fo r the SPE a n d silica gel 
c leanup me thods are shown i n Figs. 3 a n d 4, respectively. T h e extract o f 
c u c u m b e r was colorless after the SPE o r silica gel c leanup. T h e ch romatograms 
showed n o i n t e r f e r i n g peaks after c leanup. T h i s is because c u c u m b e r contains 
less i n t e r f e r i n g compounds , w h i c h may re spond m o r e to E C D , c o m p a r e d to the 
ca r ro t samples. I t was c o n c l u d e d that single SPE S A X / N H 2 was sufficient fo r 
the c leanup o f c u c u m b e r samples. 
TABLE 3 
Recovery o f pyrethroid pesticides from spiked cucumber samples using 
S A X / N H 2 and silica gel cleanup 
S A X / N H 2 Silica gel 
Pesticide (reference method) 
Recovery ( a ) % CV % Recovery ( a ) % CV % 
Lamda-cyhalothrin 85.0 3.5 76.3 3.5 
Permethrin 93.0 3.5 85.0 2.7 
Cypermethrin 93.0 5.6 91.7 5.0 
Fenvalerate 97.7 9.0 100.0 7.0 
Deltamethrin 96.3 8.7 90.0 7.6 
AV 93.0 88.0 
SD 4.9 8.7 
A V : average mean 
SD : standard deviation 
CV : coefficient o f variation 
(a) : n = 3 
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Fig. 3: GC chromatogram of cucumber extract after SPE cleanup. Peaks: 1, lamdorcyhahthrin; 
2, 3, permethrin; 4, 5, 6, cypermethrin; 7, 8, fenvalerate; 9y deltamethrin 
E C D 7 B ; (U1tr22TTO28020r.OJ 
4000 
3500 
m 3000 
3 
O 2500 
a (A 
<j 2000 
1500 
1000 
500 
0 
I 111 
If 3 l 25 3b 
Time (rain) 
Hg. 4; GC chromatogram of cucumber extract after silica gel cleanup. Peaks: 1, 
lamda-cyhalothrin; 2, 3, permethrin; 4, 5, 6, cypermethrin; 7, 8, fenvalerate; 9, deltamethrin 
c. Green M u s t a r d 
T h e results o f pest icide recovery f r o m sp iked g reen m u s t a r d samples us ing 
S A X / N H 2 a n d silica gel c leanup are given i n Tab le 4. T h e recoveries o b t a i n e d 
f r o m the SPE c leanup were s l ighdy lower t h a n those o b t a i n e d f r o m the sil ica 
gel c leanup. However , the recoveries were s t i l l w i t h i n the acceptable range. 
T h e recoveries fo r the S A X / N H 2 c leanup were 72 to 81 .7% w i t h C V o f 4.6 to 
11.9%. H i g h e r recoveries o f 92 to 9 6 % were o b t a i n e d fo r the silica gel c l eanup 
w i t h C V o f 3.0 to 11.2%. Statistical analysis showed tha t there was a s igni f icant 
difference between these two methods . M o d i f i c a t i o n i n terms o f solvent m i x t u r e 
may i m p r o v e the recoveries. F u r t h e r o p t i m i s a t i o n w o r k is r e q u i r e d f o r these 
types o f samples. 
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TABLE 4 
Recovery of pyrethroid pesticides from spiked green mustard samples using 
S A X / N H 2 and silica gel cleanup 
S A X / N H 2 Silica gel 
Pesticide (reference method) 
Recovery ( a ) % CV % Recovery ( a ) % CV % 
Lamda-cyhalothrin 75.0 6.0 95.7 11.2 
Permethrin 75.3 4.6 92.0 3.0 
Cypermethrin 73.7 11.9 94.7 8.7 
Fenvalerate 81.7 9.6 96.0 8.7 
Deltamethrin 72.0 7.6 93.0 6.2 
AV 75.5 94.3 
SD 3.7 1.7 
A V : average mean 
SD : standard deviation 
CV : coefficient o f variation 
(a) : n = 3 
T h e ch romatograms for the SPE and silica gel c leanup are shown i n Figs. 5 
a n d 6 respectively. T h e extract ob t a ined after the SPE c leanup was l i g h t g reen 
as c o m p a r e d to yel low i n the silica gel c leanup. Despite this, n o i n t e r f e r i n g peak 
was observed i n the SPE cleanup m e t h o d and the c h r o m a t o g r a m was comparable 
to that o b t a i n e d f r o m the silica gel c leanup. Apparen t ly , b o t h me thods h a d 
successfully r emoved the i n t e r f e r i n g co-extractives p r i o r to G C d e t e r m i n a t i o n . 
I t was c o n c l u d e d tha t on ly one single SPE sorbent was suff icient to p e r f o r m the 
sample c leanup. Nonetheless, the relatively lower percentage o f recovery f r o m 
the SPE c leanup m e t h o d needs fu r the r invest igat ion. 
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Fig. 5: GC chromatogram of green mustard extract after SPE cleanup. Peaks: 1, 
lamda-cyhalothrin; 2, 3, permethrin; 4y 5, 6y cypermethrin; 7, 8, fenvalerate; 9, deltamethrin 
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Fig. 6: GC chrqmatogram of green mustard extract after silica gel cleanup. Peaks: ly 
lamda-cyhalothrin; 2, 3, permethrin; 4, 5, 6y cypermethrin; 7, 8, fenvalerate; 9, deltamethrin 
C O N C L U S I O N 
T h e results f r o m this study showed tha t S A X / N H 2 is suitable fo r the c leanup o f 
vegetable extracts f o r p y r e t h r o i d pest ic ides. Recoveries o b t a i n e d were 
comparab le to those o b t a i n e d f r o m the established silica gel c leanup m e t h o d . 
T h e SPE sorbent was f o u n d to have bet ter eff iciency t h a n silica ge l , pa r t i cu la r ly 
o n the c leanup o f c u c u m b e r a n d g reen m u s t a r d extracts. T h i s study has shown 
tha t the SPE m e t h o d has great p o t e n t i a l as an al ternat ive to the conven t iona l 
silica gel c l eanup m e t h o d a n d i t is possible to e x t e n d the a p p l i c a t i o n fo r the 
analysis o f pesticides i n a w i d e r range o f vegetables a n d f r u i t crops. T h e 
benef i ts o f t he SPE m e t h o d are : less so lven t c o n s u m p t i o n , n o cross-
c o n t a m i n a t i o n , shor ter analysis time a n d the process can be au tomated . F u r t h e r 
studies to op t imise the sample size a n d de t ec t ion l i m i t are c u r r e n d y b e i n g 
u n d e r t a k e n i n o u r laborator ies . 
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ABSTRAK 
Alam semula jadi merupakan asas pengeluaran sektor pelancongan. Keuntungan 
industri pelancongan bergantung kepada daya tarikan destinasi pelancongan. 
Malaysia adalah sebuah negara yang dikurniakan dengan keajaiban tropikal 
yang kaya dengan pelbagai tarikan ekologikal dan tentunya berpotensi untuk 
pelancongan. Justeru i tu , status alam semula jad i memainkan peranan yang 
k r i t i k a l u n t u k mengeka lkan i n d u s t r i i n i . Konsep eko-pelancongan 
mengutamakan kepentingan ekologi pada tahap maksimum. Aspek ini walaupun 
mempunyai potensi yang khas untuk pembangunan dan eksploitasi, ianya 
masih belum menerima perhatian yang sepenuhnya di Malaysia. Semua 
eko-pelancongan harus dirancang, dipimpin dan diterokai dengan penuh 
pengawasan dan pengawalan untuk memastikan pengurusan yang berkesan 
dan cekap. Satu sistem pakar telah dihasilkan untuk menilai dan mengenal 
pasti tahap-tahap tertentu berlaraskan kepada beberapa kategori untuk megenal 
pasti kekalan destinasi eko-pelancongan di Semenajung Malaysia. Sistem pakar 
yang dibina berasaskan "web-based information sharing platform", berpandukan 
undang-undang keselamatan, kesihatan dan alam semula jad i yang sedia ada. 
Sistem ini direka dan dibina menggunakan "back-end on-line database" yang akan 
merekodkan semua urusan yang berjaya. Kertas kerja ini membentangkan 
sebuah model yang menggunakan cara skriptasi "Active Server Pages" untuk 
menguruskan dan mengeluarkan sistem penilaian pakar eko-pelancongan. 
ABSTRACT 
The environment is the backbone of tourism products. Profitability in tourism 
depends on maintaining the attractiveness of the tourist destinations. Malaysia 
is a tropical wonderland that is substantially rich in a variety o f ecological 
pursuits and certainly o f much tourist potential. Hence, the status of the 
environment plays a critical role i f the industry is to sustain itself. The 
ecotourism concept emphasises the maximisation of the ecological interest 
areas. This aspect, while having vast potential for further development and 
exploitation, has not received adequate attention in Malaysia. A l l ecotourism 
sites must be planned, guided and exploited in a monitored and controlled 
manner for effective and efficient management. A systematic expert rating 
system is developed to maintain a certain level of standards based on different 
levels of categorisation to ensure the sustainability o f ecotourism sites in 
Peninsular Malaysia. The expert system developed uses a web-based information-
Vikneswaran Nair, Mohamed Daud, Mohd . Zohadie Bardaie & Abdullah Mohd . 
sharing platform in line with the existing legislation on safety, health and 
environment. The system is designed and developed on a back-end on-line 
database, which will keep record of all successful transactions. This paper 
presents an efficient model using Active Server Pages scripting method to 
manage and deliver the ecotourism rating expert system. 
Keywords: Expert system, web-based, knowledge-based, active server pages, 
ecotourism, sustainable management, rating 
I N T R O D U C T I O N 
As the t o u r i s m indus t ry evolved, a new type o f t o u r i s m , "ecotour ism", has 
emerged a n d is m a k i n g its m a r k i n Malaysia. A c c o r d i n g to Cater a n d L o w m a n 
(1994) , eco tour i sm evolved f r o m na ture t o u r i s m , w h i c h can be de f ined as 
ecological ly sustainable t o u r i s m w i t h the p r i m a r y focus o n e x p e r i e n c i n g na tu ra l 
areas. U s i n g the same d e f i n i t i o n , e co tou r i sm can be d e f i n e d as ecological ly 
sustainable t o u r i s m w i t h the p r i m a r y focus o n e x p e r i e n c i n g na tu ra l areas tha t 
fosters e n v i r o n m e n t a l a n d c u l t u r a l u n d e r s t a n d i n g app l i ca t i on a n d conservat ion. 
Ceballos-Lascurain (1993) d e f i n e d eco tou r i sm as e n v i r o n m e n t a l l y responsible 
travel a n d v is i ta t ion to relat ively u n d i s t u r b e d na tu ra l areas, i n o r d e r to enjoy 
a n d appreciate na ture ( a n d any accompany ing c u l t u r a l features - b o t h past a n d 
present) tha t p romote s conservat ion, has l o w negative vis i tor impac t , a n d 
provides fo r beneficial ly active socio-economic i nvo lvemen t o f loca l popu la t ions . 
T h e eco tou r i sm concep t emphasises the m a x i m i s a t i o n o f the ecological 
in te res t areas, w h i c h i n c l u d e m a r i n e parks a n d islands, n a t i o n a l parks , 
recrea t iona l forest reserves, a n d o the r forests, mangrove sites, l imes tone h i l l s 
a n d cave sites, rivers, waterfalls a n d lakes, beach sites a n d m o n t a n e areas 
(Ceballos-Lascurain 1993) . T h i s aspect, w h i l e hav ing vast p o t e n t i a l f o r f u r t h e r 
d e v e l o p m e n t a n d e x p l o i t a t i o n , has n o t received adequate a t t en t i on i n Malaysia. 
A l l eco tour i sm sites mus t be p l a n n e d , g u i d e d a n d e x p l o i t e d i n a m o n i t o r e d a n d 
c o n t r o l l e d m a n n e r . Effective a n d eff ic ient m a n a g e m e n t is necessary to ensure 
tha t the p ro jec t is feasible o n a sustainable basis. 
T h e m a i n p r o b l e m s i n the c u r r e n t p rac t i ce i n e n s u r i n g sustainable 
d e v e l o p m e n t o f the eco tou r i sm indus t ry are: (a) lack o f effective a n d eff ic ient 
sustainable management pract ice o f the eco tour i sm sites, (b) lack o f enforcement 
i n en su r ing the ecosystem is sustained, (c) insuf f ic ien t e n v i r o n m e n t a l c u m 
ecological expert ise tha t incorpora tes the fundamenta l s o f safety a n d hea l th , 
a n d (d ) lack o f consistent approaches i n i m p l e m e n t i n g a m i t i g a t i o n aba tement 
measure a n d i n satisfying the r e q u i r e m e n t o f na t i ona l e n v i r o n m e n t a l regu la to ry 
author i t ies . 
Hence , a re l iable a n d consistent r a t i n g system is r e q u i r e d to ensure the 
sustainabil i ty o f these eco tour i sm sites. T h e r a t i n g system can be used to assist 
i n i n t e l l i g e n t dec i s ion-making i n terms o f i d e n t i f y i n g p o t e n t i a l eco tour i sm sites, 
w h i c h are n o t a d h e r i n g to the standards o f safety, hea l th and e n v i r o n m e n t . T h e 
systematic r a t i n g system can m a i n t a i n a cer ta in level o f standards based o n 
d i f f e r en t levels o f categorisat ion. 
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I n o r d e r to make eco tour i sm deve lopmen t sustainable a n d to keep its 
i m p a c t at a des i red level fo r fu ture deve lopment , i t is i m p o r t a n t tha t the 
present t r e n d o f the use o f v is i t ing areas is evaluated a n d ra ted. A t the same 
time, resource assessment i n terms o f i m p o r t a n c e a n d attractiveness has also to 
be i m p l e m e n t e d . T h i s study is the first i n Malaysia i n a t t e m p t i n g to rate the 
eco tour i sm indus t ry based o n safety, hea l th a n d e n v i r o n m e n t towards resources 
a n d t o u r i s m deve lopmen t us ing a Web-based exper t system developed by the 
researchers. 
The re fo re , the objectives o f this research are: (a) to design, develop, test 
a n d i m p l e m e n t an exper t system to rate the eco tour i sm components consistendy 
a n d re l iably based o n safety, hea l th and e n v i r o n m e n t , a n d (b) to extract the 
o p i n i o n s o f the d o m a i n experts, ex is t ing statistics a n d l i t e ra ture a n d f i e l d survey 
o f people ' s p e r c e p t i o n i n o rde r to p roduce a set o f rules to enable the exper t 
system to be used to make i n t e l l i gen t decisions. 
Th i s paper presents an eff ic ient m o d e l us ing Microsof t Access 2000 database 
software a n d an Act ive Server Pages (ASP) sc r ip t ing m e t h o d to manage a n d 
del iver the eco tour i sm r a t i n g system. P r o v i d i n g dynamic data o n the W e b , 
especially f r o m a re la t iona l database, can be a d a u n t i n g task because H T M L is 
a m a r k - u p language that has l i t t l e processing power . U s i n g ASP technology, i t 
is n o w possible to p rov ide dynamic W e b access to local databases. 
R A T I N G S Y S T E M S I N T H E T O U R I S M I N D U S T R Y 
Evalua t ion o f the des t ina t ion is essential i n d e t e r m i n i n g the best r a t i n g system. 
A c c o r d i n g to Pearce (1997) , the mul t i - faceted na ture o f t o u r i s m a n d the 
c o m p l e x na ture o f tour is t d e m a n d make evaluat ion o f the sector a c o m p l e x 
task. M a n y d i f f e ren t factors may in f luence where tour is t deve lopmen t occurs. As 
tour i s t resources d o n o t occur evenly o r r a n d o m l y i n space, developers a n d 
p lanners w i l l be faced w i t h such pract ical questions as assessing the feasibili ty 
o f d e v e l o p i n g a par t i cu la r site. T h e result f r o m the evaluat ion o f the resources 
can be f u r t h e r deve loped to design effective and realistic r a t i n g system fo r the 
hospi ta l i ty indus t ry , i n pa r t i cu la r the t o u r i s m sector (Ri tch ie a n d G o e l d n e r 
1994). 
Pearce f u r t h e r added tha t factors i n f l u e n c i n g the loca t ion o f tour is t projects 
o r the tour i s t po t en t i a l o f an area c o u l d be g r o u p e d i n t o the f o l l o w i n g 
categories, namely c l imate , physical cond i t ions , at tract ions, access, ex is t ing 
facili t ies, l a n d tenure and use. These factors are a l l in te r re la ted . 
I n the t o u r i s m sector, a n u m b e r o f r a t i n g systems are used fo r accred i ta t ion 
o f the site i n terms o f compl iance o f the local legislations. I n 1995, the Alaskan 
Wilderness Recreat ion and T o u r i s m Associat ion, USA, emphasized the f o l l o w i n g 
8 gu ide l ines fo r the r a t i n g o f the t ou r i sm sites: 
1. E n v i r o n m e n t a l l y sustainable economic g r o w t h by m i n i m i s i n g vis i tor i m p a c t 
o n the w i l d l i f e , w i ld - l and , native cul tures a n d local communi t i e s . 
2. Travel modes a n d facilit ies m a i n t a i n l ow impac t o n the e n v i r o n m e n t . 
3. Businesses benef i t the loca l economy a n d local inhabi tan ts d i rec t ly . 
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4. Business opera t ions ' effect o n the e n v i r o n m e n t is m i n i m i s e d . 
5. A l l employees are educated o n e n v i r o n m e n t a l impac t . 
6. Educa t iona l emphasis fo r tourists to l ea rn . 
7. F o r m u l a fo r the business a n d the guests to c o n t r i b u t e to loca l n o n - p r o f i t 
effor t f o r e n v i r o n m e n t a l p r o t e c t i o n . 
8. Trave l i n the sp i r i t o f app rec i a t ion , p a r t i c i p a t i o n a n d sensitivity. 
I n 1999, the Chinese N a t i o n a l T o u r i s m A d m i n i s t r a t i o n ( C N T A ) classified 
a n d g raded the tour i s t a t t ract ions a c c o r d i n g to hygiene , c o m m u n i c a t i o n s , safety 
a n d e n v i r o n m e n t ( H u a n g a n d X i a o 2000) . T h e i n t e r n a t i o n a l l y recognised Blue-
Flag c r i t e r i a is ano the r r a t i n g system wide ly used fo r beaches. T h e Blue-Flag 
c r i t e r i a cover 4 ma jo r aspects o f beach managemen t , namely water qual i ty , 
e n v i r o n m e n t a l educa t ion a n d i n f o r m a t i o n , e n v i r o n m e n t a l m a n a g e m e n t a n d 
also safety a n d services (Fon t a n d Buckley 2001) . 
A n o t h e r r a t i n g system was p r o p o s e d by Shores (1999) fo r eco tou r i sm 
scaling. H e established a 0-5 scale to classify the stages o f eco tou r i sm. T h e 
p roposed non-cumula t ive scal ing measured d i f f e r en t a t t r ibutes a n d d i f f e ren t 
levels. 
O n e o f the p i o n e e r a n d mos t successful na t ions i n m a n a g i n g eco tou r i sm is 
Costa Rica. A c c o r d i n g to F o n t a n d Buck ley (2001) , the Costa Rican T o u r i s m 
Ins t i t u t e , w h i c h is r e g u l a t e d by t he Costa R i c a n N a t i o n a l A c c r e d i t a t i o n 
Commiss ion , i n t r o d u c e d the Ce r t i f i c a t i on i n Sustainable T o u r i s m (CST) i n 
1999. T h e 5-level scal ing is d o n e fo r tourism-based companies a n d hotels . For 
the tour i sm companies, the 4 cr i ter ia evaluated are physical-biological parameters, 
infras t ructure a n d services, ex te rna l clients a n d the socio-economic env i ronmen t . 
For the hotels , evaluat ion is d o n e fo r physical-biological parameters , h o t e l 
facili t ies, customers a n d the socio-economic e n v i r o n m e n t . 
I n 1994, the T o u r i s m A u t h o r i t y o f T h a i l a n d deve loped a r a t i n g a n d r a n k i n g 
system f o r the 109-tourism dest inat ions us ing 5 c r i t e r i a (SIRG 1997) . T h e 
c r i t e r ia used are: 
1. resource a t t r ac t ion 
2. susceptibi l i ty o f impacts 
3. o p p o r t u n i t y fo r d e v e l o p i n g i n t e r p r e t a t i o n a n d educa t iona l p r o g r a m m e s 
4. diversity o f ecotour is t activity 
5. c o m p a t i b i l i t y o f eco tou r i sm w i t h o t h e r t o u r i s m activities 
T h e Malaysian N a t i o n a l E c o t o u r i s m Plan , p r e p a r e d by the W o r l d W i l d l i f e 
F u n d c o m p i l e d a diagnost ic l ist o f eco tour i sm sites ( W W F 1999) . Tab le 1 
out l ines the diagnost ic l ist . 
WEB-BASED E X P E R T S Y S T E M T E C H N O L O G Y F O R R A T I N G 
I t is easy to create W e b pages to display static data f r o m a database table. Mos t 
systems, such as Mic roso f t Access, i n c l u d e a "Save As H T M L o r Save As W e b " 
feature to do j u s t that . However , pages created i n this way are a "snapshot i n 
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time"; they d o n o t change as the database is changed. W e mus t re-create the 
pages each time changes are made to the data. Pub l i sh ing a n d m a i n t a i n i n g a 
large n u m b e r o f static W e b pages is a main tenance n i g h t m a r e ( L a m 1997) . I n 
a d d i t i o n , users canno t search the database o r choose pa r t i cu la r i tems o f data. 
Users can on ly see wha t was previously saved i n H T M L fo rma t . 
D y n a m i c W e b pages a l low the user to connec t to up-to- the-minute data, 
search the W e b a n d display the data i n d i f fe ren t ways (Ha t f i e ld 1999). A c c o r d i n g 
to Yerkey (2000) , f o u r c o m m o n ways o f m a n a g i n g dynamic W e b pages are, 
namely , Cl ient-s ide Processing, Server-side Processing, C o m m o n Gateway 
Interface ( C G I ) a n d Act ive Server Pages (ASP). 
TABLE 1 
Diagnostic factors for ecotourism sites in the 
Malaysian Ecotourism Plan (WWF 1999) 
Diagnostic Factors 
1. Current tourism status 
2. Accessibility 
3. Existing facilities 
4. Flagship potential 
5. Development led by 
6. Type of attractions 
7. Type of activities 
8. Staff manning the site 
9. Rehabilitation and recovery needs 
10. Gross carrying capacity 
11. Current management agency 
A s imple r m e t h o d o f server-side processing is to use Act ive Server Pages 
(ASP). ASP is Microsof t ' s m e t h o d o f p r o v i d i n g server-side processing fo r use by 
W e b browsers. ASP embeds sc r ip t ing statements d i rec t ly o n t o the W e b page, 
ra ther t h a n by us ing a separate p r o g r a m . B e i n g able to place ASP a n d H T M L 
side by side can make c o d i n g m u c h m o r e manageable. As a result , ASP server-
side s c r i p t i ng is browser- independent ; a developer does n o t have to w o r r y abou t 
browser dependencies , because on ly s tandard H T M L w i l l be de l ivered to the 
browser (Yerkey 2000) . 
T h e c o m p l e x i t y o f r a t i n g the componen t s o f the hospi ta l i ty sector is evident 
w i t h many factors to consider. W i t h the a id o f a W e b accessed exper t system, 
the r a t i n g p rocedu re can be s impl i f i ed . T h e W o r l d W i d e W e b has become the 
interface o f choice fo r this i n f o r m a t i o n access i n the 2 1 s t century. 
T h e exper t system developed uses a web-based in fo rma t ion - sha r ing p l a t f o r m 
i n l i ne w i t h the ex is t ing legis la t ion o n safety, hea l th a n d e n v i r o n m e n t . T h i s 
diagnost ic list f r o m the Malaysian N a t i o n a l Eco tou r i sm Plan ( W W F 1999) is 
used i n e n h a n c i n g the r a t i n g system. 
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E X P E R T S Y S T E M D E V E L O P M E N T M E T H O D O L O G Y 
T h e i n i t i a l study fo r this research p ro jec t i n c l u d e d a l i t e ra tu re review o n the 
ex is t ing r a t i n g system used i n the hospi ta l i ty a n d t o u r i s m sector. T h e f ind ings 
o f the research are c o m b i n e d w i t h the o p i n i o n s a m o n g domest ic a n d f o r e i g n 
tourists and d o m a i n experts ( i n c l u d i n g officers a n d eco tou r i sm opera tors) to 
make the decis ion , a n d are to be conver t ed i n t o rules to be used as the basis 
fo r the cons t ruc t ion o f an exper t system. W h e r e n o gu ide l ines are available, 
r e commenda t ions based o n the d o m a i n experts, l i t e ra tu re a n d field survey 
statistics are i n c o r p o r a t e d . T h e expe r t system w o u l d use 3 levels o f cumula t ive 
ra t ing : the f i l t r a t i o n m o d u l e , basic compl i ance m o d u l e a n d the advance 
compl iance m o d u l e . T h e d o m a i n experts w o u l d t h e n be selected to d e t e r m i n e 
the safety, hea l th a n d e n v i r o n m e n t a l factors, w h i c h are c r i t i ca l i n m a n a g i n g the 
eco tour i sm sites i n Peninsular Malaysia. T h e knowledge de r ived f r o m the 
exper t o p i n i o n s w i l l be p u t i n t o a series o f analysis u s ing the D e l p h i m e t h o d 
( B i r d i r a n d Pearson 2000; Sahakian 1997) before d e c i d i n g o n the rules to be 
used by the expe r t system. 
Data co l l e c t i on is ca r r i ed o u t by the researcher a n d research assistants (RAs) 
f r o m Univers i t i Put ra Malaysia ( U P M ) a n d Taylor ' s College, School o f Hosp i ta l i ty 
a n d T o u r i s m ( T C H T ) . T h e p r i m a r y data r e q u i r e d fo r the study is genera ted 
t h r o u g h the ques t ionna i re survey o f the domest ic a n d f o r e i g n tourists to the 
study area. T o s t rengthen the findings^ the ques t ionnai re survey is supp l emen ted 
by reconnaissance survey a n d i n f o r m a l i n t e r v i e w i n g o f the key i n fo rman t s . 
I n d e v e l o p i n g the ques t ionna i re , previous studies o n residents ' p e r c e p t i o n 
a n d various o t h e r discipl ines , namely , t o u r i s m a n d o u t d o o r rec rea t ion , social 
a n d behavioura l sciences, economics a n d m a n a g e m e n t are o b t a i n e d a n d used 
as guides. T o measure the at t i tudes a n d p e r c e p t i o n , a five p o i n t L i k e r t Scale 
( M u r r y a n d H a m m o n s 1995) is used t h r o u g h o u t the study. T h e decis ion to use 
the L i k e r t Scale was based o n the effectiveness o f such a scale i n previous 
studies o f touris ts ' a n d residents ' a t t i tudes a n d p e r c e p t i o n ( W a n Sabri 1987, 
Sengdeuane 1996) . 
A l l exper t systems deve loped mus t f u l f i l l 6 ma jo r d e v e l o p m e n t phases 
( Debo r ah et al. 1987; D u r k i n 1994) . These i terat ive processes are i n c o r p o r a t e d 
i n the r a t i n g system. T h e y are Assessment (Phase 1) , Knowledge A c q u i s i t i o n 
(Phase 2 ) , Design (Phase 3 ) , Tes t i ng (Phase 4 ) , D o c u m e n t a t i o n (Phase 5) a n d 
Maintenance (Phase 6 ) . S imi la r deve lopmen t phase was also used by Gia r ran tano 
a n d Riley (1994) a n d Jackson (1992) . 
Phase 1: Assessment 
A comprehens ive l i t e ra tu re review is d o n e to d e t e r m i n e the resource assessment 
i n terms o f the i m p a c t o f the i d e n t i f i e d factors a n d the level o f i m p o r t a n c e o r 
weightage o f these factors to eco tou r i sm sites. 
Phase 2: Knowledge Acquisition 
T h e knowledge acquis i t ion fo r the system is de r ived based o n the d o m a i n 
exper t consu l ta t ion ; secondary data o f ex i s t ing legis la t ion a n d guide l ines a n d 
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p r i m a r y data based o n f i e ld survey. U s i n g the D e l p h i m e t h o d ( B i r d i r a n d 
Pearson 2000; Sahakian 1997), d o m a i n experts are consul ted f r o m : 
a. M i n i s t r y o f Cu l tu r e , Ar ts a n d T o u r i s m Malaysia 
b . W o r l d W i l d l i f e F u n d fo r Na tu re ( W W F ) Malaysia 
c. Forest Reserve Ins t i tu te o f Malaysia ( F R I M ) a n d W i l d l i f e D e p a r t m e n t 
( P E R H I L I T A N ) 
d . Taylor ' s Col lege, School o f Hosp i ta l i ty and T o u r i s m a n d Sunway College, 
School o f H o t e l a n d T o u r i s m 
e. Univers i ty o f Tou louse , France 
As fo r the secondary data, legis la t ion a n d guidel ines used to develop the 
rules fo r the inference engine o f the exper t system are based o n : 
a. E n v i r o n m e n t a l Qua l i t y A c t 1974 (Act 127) ( D O E , 2000; D O E , 2001) 
b. O c c u p a t i o n a l Safety H e a l t h A c t 1994 (Act 514) ( M D C , 1996) 
c. N a t i o n a l Eco tou r i sm Plan G u i d e l i n e fo r Malaysia ( W W F , 1999) 
T h e p r i m a r y data co l lec ted t h r o u g h quest ionnaires i n the f i e ld survey uses 
the p e r c e p t i o n o f the domest ic a n d fo r e ign tourists a n d also officers ' (persons 
m a n n i n g the eco tour i sm sites) p e r c e p t i o n i n terms o f the level o f agreement 
fo r safety, hea l th a n d e n v i r o n m e n t a l factors o n an o n l i n e L i k e r t Scale as used 
by B i r d i r a n d Pearson (2000) i n the D e l p h i m e t h o d . Table 2 shows the A l p h a 
Rel iab i l i ty Coefficients result o f various i n d e p e n d e n t variables for the pre­
test ing o f the ques t ionnai re . 
TABLE 2 
Summary o f reliability analysis for pre-test 
Independent Variable Alpha Reliability 
Coefficients 
1 Safety 0.8685 
2 Health 0.7709 
3 Environment 0.8175 
4 Management 0.3108 
5 Socio-economic 0.2700 
6 Aesthetics 0.0717 
7 Management/Socio-economic/ Aesthetics 0.2633 
Results show a consistency i n the survey ques t ionnai re w i t h a h i g h re l i ab i l i ty 
fo r safety, hea l th a n d e n v i r o n m e n t a l factors. 
Phase 3: Design 
T h e system is designed o n a web graphica l user interface ( G U I ) fo r s impl ic i ty 
a n d b roade r n e t w o r k i n g o n an in fo rma t ion - sha r ing p l a t f o r m . T h e system is 
des igned a n d developed o n a back-end on- l ine database, w h i c h w i l l keep r e c o r d 
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o f a l l successful transactions a n d rate accord ingly . Fig. 1 shows the s impl ic i ty o f 
the system design. 
T h e system arch i tec tu re o f the r a t i n g system is de ta i l ed i n Fig. 2. T h e h o m e 
page ( m a i n U R L ) o f the site is h t t p : / / w w w . e c o t o u r e s - u p m . n e t / . T h e site acts 
as the G U I fo r the users ( eco tou r i sm opera to rs ) . T h e user interface is the 
vehicle t h r o u g h w h i c h the user views a n d interacts w i t h the system. Mic rosof t 
F r o n t Page 2000 is used as the developer interface fo r the knowledge engineer 
( the researcher) . 
T h e e x p l a n a d o n faci l i ty subsystem is responsible fo r p r o v i d i n g e x p l a n a t i o n 
o n the reason ing a n d acts as a "he lp" f u n c t i o n i n the U R L : h t t p : / / - / r a t i n g . h t m 
a n d h t t p : / / ~ 7 h e l p . h t m . T h e a l g o r i t h m f o r the w o r k i n g m e m o r y , knowledge 
base a n d infe rence engine is w r i t t e n i n ASP. I n the w o r k i n g m e m o r y , users 
enter i n f o r m a t i o n i n an ASP genera ted f o r m ( h t t p : / / ~ / * . a s p ) . T h e system 
matches this i n f o r m a t i o n w i t h the knowledge c o n t a i n e d i n the knowledge base 
to i n f e r new facts. T h e facts i n the w o r k i n g m e m o r y a n d the knowledge 
con t a ined i n the knowledge base are i n f e r r e d by the in fe rence eng ine i n an 
ASP genera ted h a n d l e r a l g o r i t h m ( h t t p : / / ~ / * h a n d l e r . a s p ) to der ive new 
i n f o r m a t i o n . I t searches the rules f o r a m a t c h between t h e i r premises a n d 
i n f o r m a t i o n c o n t a i n e d i n the w o r k i n g m e m o r y . W h e n the inference engine 
f inds a m a t c h , i t adds the ru le ' s conc lu s ion to the w o r k i n g m e m o r y a n d 
cont inues to scan the rules l o o k i n g fo r new matches. 
A l l successful transactions w o u l d be u p d a t e d i n the knowledge-based database 
us ing ex te rna l p rograms such as Mic roso f t Access 2000. I n the r a t i n g Website , 
the database f i le is s tored i n he U R L : h t t p : / / ~ / * . m d b . 
A l l quest ions are made u p o f s tandard H T M L a n d Mic roso f t F r o n t Page 
f o r m c o m p o n e n t s i n t e g r a t e d w i t h ASP. Genera l ly , each q u e s t i o n has a 
c o r r e s p o n d i n g hand le r . T h e func t ions o f a h a n d l e r are to : 
1. ext ract scores f r o m previous quest ions 
2. conver t scores i n t o integers 
3. p e r f o r m calculat ions o n the score, to check i f the ques t ion was answered 
adequately a n d move o n to the n e x t ques t ion , o r to go s t ra ight to the 
summary page a n d e n d the session. 
T h e summary page uses scores o b t a i n e d fo r each ques t ion to tabulate a 
percentage based o n safety, hea l th a n d e n v i r o n m e n t us ing d i f fe ren t weightage. 
Website (GUI) <_ User 
Fig. 1. User Interfacing with database 
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Inference Engine 
http:/~/*_handler.asp 
(infer form, calculate 
& redirect form) 
Working 
Memory 
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t form) H Explanation Facility http://~/rating.asp http://~/help.asp H 
U$er~mterFaie 
http://^/ra4exratmg.asp 
(main rating UKL) 
T 
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!&K>wieo*ge Base 
http;//**>/ * handler .asp 
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< Developer \ Interface \ MS-Front Page / 2000 / 
Knowledge Engineer 
(Researcher) 
Fig. 2. Rule-based system architecture 
External \ 
Program \ 
MS-Access / 
2000 (DBMS) / 
T h e successful Costa Rican hospi ta l i ty a n d tou r i sm accredi ta t ion m o d e l 
(Fon t a n d Buckley 2001) a n d the T o u r i s m A u t h o r i t y o f T h a i l a n d r a t i n g and 
r a n k i n g system fo r na tu re t ou r i sm (Services Industr ies Research G r o u p 1997), 
are used as the basis fo r the ecotourES a l g o r i t h m and m o d e l . T h e general 
scor ing mechan i sm uses the f o l l o w i n g equa t ion : 
T o t a l Score • V ^ ^ f 
^ W i 
= we igh ted score fo r g iven ques t ion 
Ri = r a ted score fo r given ques t ion 
n = to ta l n u m b e r o f questions 
T h e r a t i n g system can be d i v i d e d i n t o 3 modules , namely the F i l t r a t i on , 
Basic Compl i ance a n d the Advance C o m p l i a n c e M o d u l e . T h e exper t system 
w o u l d ask subsequent questions based o n the user i n p u t . The re fo re , n o two 
users may be asked the same set o r the same n u m b e r o f questions. T h e 
knowledge is typically represented i n the f o r m o f IF... THEN type rules (premises 
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a n d conc lus ions) , facts, a n d assumptions abou t the p r o b l e m the system is 
des igned to solve. T h e r a t i n g is cumula t ive . The re fo re , the user has to f u l f i l l the 
c r i t e r ia at the f i l t r a t i o n m o d u l e before p r o c e e d i n g to the Basic C o m p l i a n c e 
M o d u l e o r A d v a n c e d C o m p l i a n c e M o d u l e . T h e to ta l score f o r each m o d u l e is 
reset to zero w h e n the user successfully completes one m o d u l e a n d moves to 
the n e x t m o d u l e . 
T h e knowledge represen ta t ion t e chn ique used i n the r a t i n g system is the 
f r a m i n g m e t h o d i n c o r p o r a t e d i n a p r o c e d u r a l rule-based system. T h e systems 
a l g o r i t h m bu i lds two types o f frames. T h e f irst f rame consists o f a l l the c r i t e r i a 
tha t w o u l d be used f o r the r a t i n g toge the r w i t h the m i n i m u m score a user 
s h o u l d a t ta in . T h e second frame w o u l d capture the actual score o f a user. T h e 
L i k e r t Scal ing uses the f o l l o w i n g values shown i n Tab le 3. 
TABLE 3 
Five point Likert Scaling (Murry and Hammons 1995) 
SCALE N O UNLIKELY NEUTRAL PERHAPS YES 
VALUE (X) - 10 - 5 0 5 10 
I n the scale, a m o r e posit ive value ( X > 0 ) w o u l d give an average r a t i n g closer 
to 100% whereas a negative value ( X < 0 ) w o u l d resul t i n the r a t i n g m o v i n g 
closer towards 0%. T h e negative value w o u l d be able to reduce the average 
score c o m p u t e d i n each m o d u l e . Hence , e q u i l i b r i u m can be achieved i n the 
r a t ing . 
Each ques t ion is w e i g h t e d by its relevance o n a scale o f 1 to 3 ( n o r m a l : l ow 
weightage = 1, m e d i u m : average weightage = 2 a n d h i g h : h i g h weightage = 3 ) . 
Nevertheless, the p r o c e d u r a l rule-based a l g o r i t h m w o u l d reduce the to ta l 
n u m b e r o f quest ions a n d op t ions used to answer. T h i s is i n contras t to the 
Costa Rican CST p r o g r a m m e where users have to answer a l l the 153 questions. 
I n the F i l t r a t i o n M o d u l e , users w i l l have to pass the f i rs t level o f f i l t r a t i o n i n 
o r d e r to be e l ig ib le to use the r a t i n g system. T h e f i l t r a t i o n m o d u l e w o u l d 
encompass the sites' safety, hea l th a n d e n v i r o n m e n t a l compl i ance a c c o r d i n g to 
the eco tou r i sm d e f i n i t i o n . T h e acceptable eco tou r i sm d e f i n i t i o n used f o r 
compl iance is deve loped t h r o u g h consu l t a t i on w i t h the d o m a i n expe r t a n d 
secondary data. T h e filtration level too w o u l d filter the e l i g ib i l i t y o f the user to 
p roceed f u r t h e r i n the r a t i n g based o n the legislative a n d eco tou r i sm g u i d e l i n e 
requ i rements . I n the filtration level , a h i g h e r weightage is assigned fo r the 
eco tour i sm d e f i n i t i o n compl i ance . 
T h e Basic C o m p l i a n c e M o d u l e takes i n t o account the m a c r o factors tha t 
in f luence the r a t i n g o f the site, namely the eco tou r i sm value factors, ope ra to r 
qua l i f i ca t ion to r u n the place a n d p e r m i t t e d / n o t p e r m i t t e d activities. H e r e the 
level o f compl iance i n safety, hea l th , e n v i r o n m e n t a n d o the r factors is considered 
fo r r a t i ng . A h i g h e r weightage is assigned f o r the safety compl i ance . I n this 
m o d u l e , users are r e q u i r e d to answer a l l the 5 questions. 
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T h e Advance Compl i ance M o d u l e takes i n t o account the m i c r o factors tha t 
in f luence the r a t i n g o f the site, namely the impacts o f t ou r i sm a n d also the site 
p l a n n i n g a n d management . T h e f o l l o w i n g flowchart (Fig. 3) shows the data flow 
o f the r a t i n g system. 
I n the advance m o d u l e , the inference engine i n the exper t system w o u l d use 
a rule-based IF...THEN...ELSEsyntax to f ix the rules accord ing to the d i f fe ren t 
ecosystem guidel ines . T h e ecosystem gu ide l ine w o u l d be based o n the N a t i o n a l 
E c o t o u r i s m Plan G u i d e l i n e fo r Malaysia ( W W F 1999). 
Filtration 
Module 
Basic 
Compliance 
Module I 
Advance 
Compliance 
Module 
Fig. 3. Data flow of the rating system 
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Simi la r to the Basic M o d u l e , the level o f c o m p l i a n c e i n safety, hea l th , 
e n v i r o n m e n t a n d o t h e r factors is cons idered fo r r a t i n g . I n a d d i t i o n , a h i g h e r 
weightage fo r r a t i n g is g iven i n the Advance M o d u l e compl i ance o f the 
N a t i o n a l E c o t o u r i s m Guide l ines . 
Phase 4: Testing 
T h e tes t ing phase is an i terat ive process. N e w knowledge f r o m the d o m a i n 
exper t is added to the system t h r o u g h o u t this phase. T h e ma jo r objective o f 
tes t ing is to verify a n d val idate the overa l l s t ruc ture o f the system a n d its 
con ten t . T h e va l ida t ion process is essential to ensure tha t the r a t i n g system 
satisfactorily pe r fo rms the i n t e n d e d task. T h e tes t ing phase w o u l d also ensure 
the user acceptance o f the system i n terms o f the G U I . T h i s is i m p o r t a n t to 
check h o w we l l the system addresses the needs o f the user. T h e acceptabi l i ty o f 
b o t h d o m a i n experts a n d the end-user is essential f o r tes t ing the overal l 
d e v e l o p m e n t o f the system's interface. A t this tes t ing phase, hypo the t i ca l values 
are inser ted i n the ES a n d the o u t p u t o f the E C O r a t i n g is analysed by the 
d o m a i n experts. 
Phase 5: Documentation 
A l l d o c u m e n t a t i o n o n the system deve lopmen t and des igning, i n c l u d i n g manuals 
to operate the W e b based o n l i n e database system is u p d a t e d f r o m time to time. 
Phase 6: Maintenance 
W i t h the use o f Mic roso f t F r o n t Page E d i t o r , u p d a t i n g o f a l l data can be d o n e 
w i t h ease. Mic roso f t Access database system can also be u p d a t e d w i t h o u t too 
m u c h c o m p l i c a t i o n i n c o m p a r i s o n to o t h e r h i g h - e n d database systems. 
R A T I N G S Y S T E M D E V E L O P E D 
T h e compl i ance percentage calcula ted i n the f i l t r a t ions , basic compl i ance a n d 
advance compl i ance m o d u l e s are t ranslated i n t o a 5 level cumula t ive r a t i n g 
scale. T h e weightage fo r each compl i ance percentage varies f r o m one m o d u l e 
to another . 
A t the F i l t r a t i o n M o d u l e , E C O 1 r a t i n g is awarded fo r compl i ance o f m o r e 
t han 75%. A n y c o m p l i a n c e level tha t is less t h a n 7 5 % is n o t e n t i t l e d to use this 
r a t i n g system a n d w i l l be re jected by the system by e n d i n g the consu l t a t ion . 
A t the Basic C o m p l i a n c e M o d u l e , E C O 2 r a t i n g is awarded fo r compl i ance 
o f between 2 5 % a n d 50%. A n y compl i ance level tha t is less t h a n 25% is n o t 
e n t i t l e d to p roceed f u r t h e r a n d w i l l be awarded w i t h E C O 1 before e n d i n g the 
consu l ta t ion . E C O 3 r a t i n g is awarded for compl i ance o f m o r e than 5 0 % . A n y 
compl i ance level that is less t h a n 5 0 % is n o t e n t i t l e d to p r o c e e d f u r t h e r a n d w i l l 
be awarded w i t h the E C O 2 before e n d i n g the consu l t a t ion . 
A t the f ina l Advance C o m p l i a n c e M o d u l e , E C O 4 r a t i n g is awarded for 
compl iance o f between 2 5 % a n d 50%. A n y compl i ance level tha t is less t h a n 
25% is n o t en t i t l ed to p roceed f u r t h e r a n d w i l l be awarded w i t h E C O 3 before 
130 PertanikaJ. Sci. & Technol. Vol . 11 No. 1, 2003 
A n Active Server Pages (ASP) Approach in Ecotourism Rating Expert System 
e n d i n g the consu l t a t ion . E C O 5 is the highest r a t i ng awarded fo r compl iance 
o f m o r e t h a n 50%. A n y compl iance level that is less than 50% is n o t e n t i d e d 
to p roceed f u r t h e r a n d w i l l be awarded w i t h the E C O 4 before e n d i n g the 
consu l t a t ion . 
T h e r a t i n g can be summar ised as shown i n Fig. 4. A successful r a t i n g can be 
accompl i shed i n one o f the 3 levels. T h e user can be awarded the r a t i n g f r o m 
E C O l gradual ly to E C 0 2 (Level 1) before t e r m i n a t i n g the ra t ing . T h e user too 
can be ra ted f r o m E C O l to move d i r ecdy to E C 0 3 and then gradual ly to E C 0 4 
(Level 2 ) . I n the last type, the user can move d i recdy f r o m E C O l to E C 0 3 to 
E C 0 4 (Level 3 ) . 
E C O l E C 0 2 E C 0 3 E C 0 4 E C 0 5 
L E V E L 1 
L E V E L 2 
L E V E L 1 
Fig. 4. Cumulative score for ECO rating 
C O N C L U S I O N 
Microsof t ' s ASP technology is a s imple way to retrieve and process database data 
f o r display o n the Web . Wel l -cons t ruc ted pages consist ing o f ASP a n d H T M L 
e x p l o i t the power o f a r e la t iona l database. ASP allows one to develop pages to 
search, f i l te r , sort, c o m b i n e , select, a d d to, delete, a n d change database data. 
T h e data re t r ieved is as up-to-date as the database itself. T h e processing b u r d e n , 
a n d necessary software, resides o n the server, a l l owing anyone us ing almost any 
browser to have access to the data. T h i s was c o n f i r m e d by Yerkey (2000) i n his 
research us ing ASP fo r dynamic database for l ibraries. 
I n a marke t -d r iven e n v i r o n m e n t , wha t the eco tour i sm indus t ry needs a n d 
wha t the p u b l i c mus t d e m a n d is a r u l e r f o r measur ing the impac t o f t o u r i s m o n 
na tu ra l resources. E n s u r i n g that nature-based tour i sm establishes a n d main ta ins 
h i g h standards w i l l be a chal lenge fo r a l l parties. 
W i t h ASP, a s tandardised i n t e l l i g e n t r a t i ng system l ike ecotourES can checK 
the ecological ly sensitive a n d economica l ly viable methods a n d practices tha t 
w i l l ensure the survival o f the a t t rac t ion o f nature , w i t h o u t hav ing the resources 
dep le ted . T h e managemen t o f a sensitive ecosystem i n the eco tour i sm con tex t 
can i n one way p ro tec t a count ry ' s heri tage a n d make i t available fo r local 
educa t ion a n d tou r i sm. T h e e n v i r o n m e n t is the resource base fo r t ou r i sm; 
w i t h o u t p r o t e c t i o n , the na tu ra l a t t r ac t ion that b r o u g h t the tour is t i n the first 
place w i l l be lost. W i t h the f u l l en fo rcemen t and acceptance o f a standardised 
r a t i n g system, the possibil i ty o f t ru ly sustainable t ou r i sm can be a reali ty. 
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ABSTRAK 
Proses redoks yang terjadi d i permukaan elektrod kuprum dalam larutan 
tampan fosfat telah dikaj i . Hasil kajian menunjukkan bahawa proses 
pengoksidaan dan penurunan yang terjadi di permukaan kuprum terjadi 
dengan perlahan dengan proses evolusi hidrogen terjadi pada nilai keupayaan 
yang lebih negatif dari -1.0 V. Proses evolusi hidrogen in i didapati tidak 
dipengaruhi oleh tahap keupayaan anodik yang dikenakan. Lapisan filem tipis 
yang terbentuk di permukaan kuprum mengalami tindak balas penurunan 
secara proses berbalik-quasi. Dalam larutan yang ditepukan dengan gas C 0 2 , 
kehilangan kuprum ke dalam larutan terjadi disebabkan oleh pembentukan 
spesies terlarut. Proses kehilangan in i meningkat melalui proses pempolaran 
permukaan elektrod di mana kuprum (I)-karbonil terbentuk dan larut ke 
dalam larutan. Hasil kajian juga menunjukkan sifat-sifat elektrokimia elektrod 
kuprum berubah secara dramatik melalui proses pempolaran. Melalui proses 
in i , kawasan evolusi hidrogen terhalang dengan jayanya disebabkan proses 
penurunan C 0 2 terjadi. Proses penurunan in i meningkat dengan hanya 
menggunakan elektrod kuprum yang telah dipolarkan pada keupayaan katod 
yang tinggi untuk jangka masa tertentu. 
A B S T R A C T 
The redox processes occurring on the copper surface in phosphate buffered 
solution were investigated. The results show that the oxidation and the reduction 
of copper surface occur in a slow process with hydrogen evolution region 
proceeding at potential more negative than -1.0 V. I t is found that the 
hydrogen evolution region was not affected by the anodic potential limits. The 
anodic fi lm forms on the copper surface are reduced possibly in quasi-
reversible manner. In C0 2-saturated solution, the loss of copper to the solution 
increases due to the formation of copper soluble species. This process is 
further enhanced with the polarization process, where copper(I)-carbonyl 
forms to the bulk solution. The results also show that the electrochemical 
behavior o f copper electrode is dramatically changed by the polarization 
process. The hydrogen evolution region is greatly depressed due to the C 0 2 
reduction process. Consequently, the reduction of C 0 2 is not pronounced on 
the copper surface except for the electrode surface has which been polarized 
at high cathodic potential for a period o f time. 
Keywords: Electrochemical, polycrystalline copper, C 0 2 reduction 
Jumat Salimon 8c Maher Kalaji 
I N T R O D U C T I O N 
I t is a we l l - known fact tha t gaseous C 0 2 dissolves i n water i n an a m o u n t tha t 
depends o n a series o f e q u i l i b r i u m steps (Aur ian-Bla jen i 1992) . O n d i sso lu t ion , 
the species f o r m e d are: aqueous c a r b o n d i o x i d e , ca rbonic acids, h y d r o g e n 
carbonates a n d carbonates; the quan t i t y o f each depends, amongs t o t h e r 
factors, o n the p H o f the so lu t i on . T h e r e f o r e , the need f o r m o n i t o r i n g this 
process i n aqueous m e d i a such as phosphate buf fe red s o l u t i o n becomes 
i m p o r t a n t , as the na tu re o f the r e d u c t i o n p roduc t s depends o n a variety o f 
e x p e r i m e n t a l cond i t i ons . 
I t is clear f r o m the previous r e p o r t tha t the c o n t r o l o f p H is an i m p o r t a n t 
issue w h e n discussing the r e d u c t i o n o f C 0 2 (Jumat 2001) . T h e loss o f C 0 2 
t h r o u g h the carbonate rou t e is a consequence o f p H change. T h i s was due to 
the very basic c o n d i t i o n s appea r ing across the d o u b l e layer as a consequence o f 
the onset o f h y d r o g e n e v o l u t i o n . T h i s leads to a substantial decrease i n the C 0 2 
available fo r the r e d u c t i o n process. T h i s resul t agrees w i t h the genera l fact tha t 
n o r e d u c t i o n p roduc t s are o b t a i n e d i n n i t rogen-sa tura ted h y d r o g e n carbonate 
or ca rbon dioxide-sa tura ted s o l u t i o n (Jumat a n d Kalaj i 2002) a n d w i t h the 
genera l l ow faradaic yields observed fo r the process. Howeve r p re - t rea tment 
such as the r emova l o f the species tha t enhance the basic e n v i r o n m e n t o f the 
e lect rode surface such as " h y d r o x i d e " ions may increase the faradaic yields. 
Po la r iza t ion o f the e lec t rode surface at h i g h ca thodic p o t e n t i a l is one o f the 
nove l ways (Jumat a n d Kalaj i 2002a) . I n this r epor t , we discuss the results o f o u r 
study o f the processes o c c u r r i n g at a n d near the surface o f C u e lec t rode i n 
phosphate buf fe red so lu t i on . T h e use o f buffer s o l u t i o n such as phosphate 
buffer tha t can m a i n t a i n the p H o f the e lectrolyte s o l u t i o n , also i n the t h i n 
layer d u r i n g the e lec t rochemica l r e d u c t i o n is w o r t h t ry ing . Beside its be t ter p H 
c o n t r o l , phospha te buffers d o n o t e x h i b i t any absorbance tha t may over lap w i t h 
the carbonate-hydrogen carbonate system d u r i n g Substratively N o r m a l i z e d 
I n f r a r e d F o u r i e r T r a n s f o r m Spectroscopy, SNIFTIRS measurements . 
M A T E R I A L S A N D M E T H O D S 
E x p e r i m e n t a l details i n the present study have been r e p o r t e d elsewhere (Jumat 
and Kalaj i 2002) . E lec t rochemica l ly po l i shed copper electrodes used t h r o u g h o u t 
this w o r k were cathodically pro tec ted by app ly ing a negative po ten t i a l immedia te ly 
after its i m m e r s i o n i n t o degassed phospha te buf fe red s o l u t i o n ( p H 6.8) . A 
r e d u c i n g p o t e n t i a l close to o r at the h y d r o g e n evo lu t i on p o t e n t i a l was a p p l i e d 
fo r few minu te s before the cyclic v o l t a m m e t r y measurements i n o rde r to 
remove any oxides o r hydrox ides f r o m the surface. N i t r o g e n gas was b u b b l e d 
t h r o u g h the s o l u t i o n between the expe r imen t s a n d passed over the electrolyte 
quiescently d u r i n g exper iments . C 0 2 was b u b b l e d fo r 15 m i n to p repare C 0 2 -
saturated solut ions fo r the e l ec t rochemica l r e d u c t i o n exper imen t s . 
T h e electrolyte so lu t i on at l ow t empera tu re ~ 5°C was f irst degassed w i t h N 2 
a n d t h e n e i the r saturated w i t h C 0 2 f o r 15 m i n o r C0 2 - sa tu ra t ed w h i l e the 
admission po t en t i a l at h i g h negative o f -1.5 V was e m p l o y e d as soon as the 
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elect rode was i m m e r s e d i n the so lu t ion . T h e admiss ion po ten t i a l h o l d i n g time 
was var ied p r i o r to the spectra measurement. T h e in situ I R spectra measurements 
were p e r f o r m e d i n a staircase m o d e us ing a fu l ly evacuated F T I R spectrometer 
( B r u k e r I F S - 1 1 3 V ) f i t t e d w i t h a m e r c u r y - c a d m i u m - t e l l u r i d e ( M C T ) 
p h o t o c o n d u c t i v e de tec tor coo led at 77°K (us ing l i q u i d n i t r o g e n ) , p-polar izer 
a n d G e / K B r beam spl i t ter . T h e spectrometer was fu l ly c o m p u t e r c o n t r o l l e d 
r u n n i n g u n d e r O P U S 3.0 software. SNIFTIRS spectra co l l ec t ion was p e r f o r m e d 
w i t h 200 scans at a r e so lu t ion o f 4. T h e po t en t i a l e i ther generated by H i - T e k 
DT-2101 potent ios ta t a n d PP-R1 waveform genera tor o r c o n t r o l l e d by an A D C 
conver te r interface to a PC tha t c o n t r o l l e d the spectrometer , was s tepped by 
100 m V d u r i n g each step. T h e spectral co l l ec t ion was p e r f o r m e d first i n the 
negative d i r e c t i o n ( f r o m -0.7 V ) towards a po ten t i a l o f -1.5 V t h e n towards 
posit ive po t en t i a l o f 0.0 V , t h e n back to the i n i t i a l po ten t i a l o f - 1 . 5 V . 
R E S U L T S A N D D I S C U S S I O N 
Voltammetry of Copper in Buffered Phosphate Solution 
T h e e lec t rochemica l behavior o f copper i n phosphate so lu t ion has been 
r e p o r t e d elsewhere (Osamu a n d H o r i 1993; He rnandez a n d Kalaj i 1996; 
Drogowska et al. 1992; R ibo t t a et al. 1995; A l h a j i a n d Reda 1996). I n general , i n 
N 2 - n i t r o g e n saturated buf fe red phosphate so lu t i on (Fig. 1) an anodic wave 
c o r r e s p o n d i n g to the f o r m a t i o n o f copper oxides a n d / o r hydroxides o f C u ( I ) 
a n d C u ( I I ) is observed at abou t -0.12 V d u r i n g the fo rward sweep f r o m -1.1 V 
to 0 V . However there is n o clear peak separat ion between the f o r m a t i o n o f 
ox ide a n d h y d r o x i d e o f C u ( I ) a n d C u ( I I ) as was observed i n the hyd rogen 
carbonate so lu t i on (Jumat a n d Kalaji 2002; He rnandez a n d Kalaji 1996). O n 
the reverse sweep f r o m 0 V to -1.1 V , i t is clear tha t the r e d u c t i o n o f such oxides 
occurs at about -0.23 V . A t l ow sweep rate, 0.005 V / s , the o x i d a t i o n a n d the 
r e d u c t i o n peaks are m u c h sharper than that at 0.05 V / s . T h e result shows tha t 
the o x i d a t i o n a n d the r e d u c t i o n o f copper surfaces may be a slow process. 
H y d r o g e n evo lu t i on reac t ion , H E R commences at potent ia ls m o r e negative 
t h a n -1.0 V . 
A / : |\ 
1 1 1 I I I 
-1 1 -0.9 -0 7 -0 5 -0.3 -0.1 0 V 
E / V vs, S C E 
Fig. 1: Voltammogram for copper electrode at (a) v = 0.05 and (b) 0.005 
Vsr1 in N2 saturated phosphate buffered solution (pH 6.8) at 18°C 
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T h e effect o f the anod ic l i m i t o n the shape o f the v o l t a m m o g r a m s is 
i l lus t ra ted i n Fig. 2. T h e onset o f the h y d r o g e n ( n o t shown) was n o t affected by 
the posit ive p o t e n t i a l l i m i t . T h e c u r r e n t prof i les i n the posit ive d i r e c t i o n ( f r o m 
-0.6 V ) show a b r o a d r e g i o n w i t h o n l y one not iceable c u r r e n t peak, A 1 at -0.04 
V , whereas d u r i n g the negative sweep, one ca thodic peak, Cl at -0.16 to -0.18 
V is observed. T h e b r o a d anodic peak is due to the coppe r d i s so lu t ion a n d 
anodic f i l m g r o w t h ( A l h a j i a n d Reda 1996) . T h e p o s i t i o n a n d the charge o f 
anodic c u r r e n t peak A , were m a i n t a i n e d fo r several successive runs whereas the 
s t ructure a n d the p o s i t i o n o f the ca thodic peak d e p e n d e d o n the posit ive 
p o t e n t i a l l i m i t . As the posit ive p o t e n t i a l l i m i t became m o r e posit ive, the charge 
o f the ca thodic c u r r e n t increased, whereas the peak potent ia l s shi f ted i n the 
negative d i r e c t i o n . T h e d i f ference i n shape be tween the anod ic a n d ca thodic 
peaks is mos t l ike ly d u e to d i f f e ren t r eac t ion mechanisms. T h e r e f o r e the 
o x i d a t i o n is mos t l i ke ly to be d i f fus ion c o n t r o l l e d a n d w i l l be discussed i n de ta i l 
elsewhere, whereas the r e d u c t i o n step is k ine t i ca l ly c o n t r o l l e d . Such behav ior 
is k n o w n i n e l ec t rochemica l system such as the reversible convers ion o f Pb to 
P b S 0 4 i n su lphu r i c ac id (Jumat 2001) . 
T h e charge densi ty associated w i t h the ca thodic wave, Q r ^ (0.82 m C ) was 
always smal ler t h a n the one associated w i t h the anod ic peak, Q o x (0.95 m C ) . 
Th i s indicates a loss o f coppe r species i n t o the so lu t i on , possibly t h r o u g h 
coppe r species such as C u O o r C u H P 0 4 . I t is possible b u t u n l i k e l y tha t the 
di f ference i n this value c o u l d be due to the a c c u m u l a t i o n o f u n r e d u c e d anod ic 
film o n the copper surface. However , since the v o l t a m m o g r a m s show a g o o d 
r e p r o d u c i b i l i t y o n a l l subsequent anod ic sweeps u n d e r repe t i t ive cyc l ing 
c o n d i t i o n s w i t h ca thodic a n d anod ic peaks separat ion value o f 120 m V , i t can 
be c o n c l u d e d that any anod ic f i l m f o r m e d o n the coppe r surface was easily 
reduced , possibly i n quasi-reversible m a n n e r (Pyun a n d Park 1986) . 
Fig. 2: Voltammogram of copper electrode at v - 0.005 Vs-1 in buffered phosphate solution (pH 
6.8) at 18°C. Potential range from (1) -0.6 to -0.1 V; (2) -0.6 to -0.075 V; (3) -0.6 to -0.05 
V; (4) -0.6 to 0.025 V; (5) -0.6 to 0 V; (6) -0.6 to 0.1 V and (7) -0.6 to 0.2 V 
A1 4 
E/Vvs SCE 
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Voltammetry of Copper in C02 Saturated Phosphate Buffer Solution 
T h e i n t r o d u c t i o n o f C 0 2 i n t o phosphate buffer so lu t i on has an impac t o n H E R 
as we l l as the r edox behavior o f copper . Fig. 3 shows the difference i n 
v o l t a m m e t r i c b e h a v i o r be tween N 2 - sa tura ted a n d C 0 2 - s a t u r a t e d s o l u t i o n 
(Figs. 3a a n d 3b respectively). I t is in te res t ing to no te that H E R occurs at very 
s imi lar po ten t i a l i n the two solut ions, w h i c h is i n contrast to hydrogen carbonate 
solut ions. Th i s is due to the b u f f e r i n g effect o f the phosphate so lu t ion , i n w h i c h 
the p H drops by on ly 0.6 uni t s u p o n saturat ion w i t h C 0 2 . T h e o x i d a t i o n o f the 
C u surface a n d the c o r r e s p o n d i n g r e d u c t i o n o f so lu t i on species a n d deposits is 
s imi lar to that observed i n hydrogen carbonate solutions; however, an asymmetry 
was observed here between a n d Q o x ; i n d i c a t i o n o f a loss o f soluble species 
to the b u l k so lu t ion . 
T h e average o f the Qrcd/Qnx efficiency is about 70% (Fig. 3b). I t is possible 
a n d l ike ly tha t the di f ference i n this value c o u l d be due to the accumula t ion o f 
u n r e d u c e d anodic f i l m o n the copper surface, w h i c h is re la ted to the f o r m a t i o n 
o f species tha t are re la ted to the o x i d a t i o n o f copper species at anodic po ten t i a l 
r e g i o n . T h e f o r m a t i o n o f o x i d i z e d copper f i l m (oxides a n d / o r hydroxides) a n d 
soluble copper species result f r o m the i n t e r ac t i on o f r e d u c e d - C 0 2 species such 
as C O w i t h o x i d i z e d coppe r also bel ieved to occur at this po ten t i a l . I t is 
in te res t ing to h i g h l i g h t tha t once the electrode was first po lar ized at negative 
po ten t i a l , E o f -1.5 V f o r 15 m i n p r i o r to the v o l t a m m o g r a m measurement , 
the average o f the Q ^ / Q ^ efficiency decreases dramat ical ly to about 30% 
(Fig. 3c). I t indicates tha t the f o r m a t i o n o f soluble copper species increased at 
anod ic po t en t i a l d ramat ica l ly due to the po la r i za t ion o f the electrode surfaces 
at h i g h negative po t en t i a l . 
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In situ FTIR 
SNIFTIR Spectra of N2-saturated Buffered Phosphate Solution 
T h e use o f phosphate buffers has some advantages w h e n c o m p a r e d w i t h 
b icarbonate s o l u t i o n i n tha t i t allows a bet ter p H c o n t r o l a n d reduces to a 
cer ta in ex ten t the in te r fe rence f r o m the h y d r o g e n carbonate ions. However , 
the s t rong absorbance exhib i t s w i l l mask the spectral range f r o m 1300-900 c m 1 , 
by phosphate buffers. I t is i m p o r t a n t to be able to d i s t ingu i sh the b a c k g r o u n d 
spec t rum o f the electrolyte f r o m tha t o f the electroactive species. T h e r e f o r e the 
S N I F T I R spectra o f the phospha te s o l u t i o n i n responses to p o t e n t i a l changes 
were r eco rded . Fig. 4 shows the S N I F T I R spectra o f the phospha te bu f f e red 
so lu t ion , w h i c h has been saturated w i t h p u r e N 2 gas. T h e posit ive bands at 1160 
c m 1 ( v ^ - P C g , 1076 c m 1 ( v s - P 0 2 ) a n d 943 c m 1 ( V M - P ( O H ) 2 ) c o r r e s p o n d to the 
d e p l e t i o n o f monobas ic phosphate , H 2 P 0 4 whereas negative bands at 1061 c m 
1
 ( v s - P 0 2 ) a n d 991 c m 1 ( v s - P ( O H ) 2 ) co r r e spond to the f o r m a t i o n o f dibasic 
phosphate , H P 0 4 2 " as the p o t e n t i a l becomes m o r e negative ( C h a p m a n a n d 
T h i r l w e l l 1964, W e b e r a n d N a r t 1996) . T h e m a i n negative b a n d at 1010 cm" 1 
( v - P 0 3 ) can be assigned to the f o r m a t i o n o f tribasic phosphate , P O ^ as H P 0 4 2 " 
is d e p r o t o n a t e d , as the p o t e n t i a l is made m o r e negative. Consequendy, a b r o a d 
negative b a n d at 2720 c m 1 appears as the p o t e n t i a l becomes m o r e negative. I t 
is a t t r i b u t e d to the O H s t r e t ch ing f o r the h y d r o g e n b o n d i n g tha t fo rms 
between H 2 0 m o l e c u l e a n d P 0 4 * (Weber a n d N a r t 1996) . 
Fig. 5 shows S N I F T I R spectra o f copper i n C0 2 - sa tu ra t ed phosphate buf fe red 
so lu t ion as the i n i t i a l p o t e n t i a l at -1.5 V is s tepped towards posit ive values as 
shown i n scheme A (Fig. 6). T h e spectra are n o r m a l i z e d relat ive to E r e f -0.6 V . 
T h e spectra o b t a i n e d are s imi la r to those o b t a i n e d i n C0 2 - sa tu ra t ed h y d r o g e n 
carbonate s o l u t i o n , except fo r the bands due to the phospha te species. H C O s 
(1356 a n d 1302 c m 1 ) a n d C 0 3 2 (1401 c m 1 ) bands appear w i t h po t en t i a l . 
Carbonate i n i t i a l l y f o r m e d at potent ia l s tha t are m o r e negative a n d t h e n 
conver ted to b icarbonate as the po ten t i a l becomes less negative, as the carbonate 
ions are invo lved i n the p r o t o n a t i o n process. U p to this stage, the fate o f C 0 2 
d u r i n g the ca thodic po l a r i z a t i on o f the copper e lec t rode is s t i l l unc lear as the 
m a i n c o m p o u n d s invo lved are those associated w i t h the h y d r o g e n c a r b o n a t e / 
carbonate e q u i l i b r i u m . T h e b r o a d b a n d cen te red at 2852 c m 1 corresponds to 
O H stretch o f water H - b o n d e d to anions . A t less negative po t en t i a l , the 
o r i e n t a t i o n o f water m o l e c u l e at the e lec t rode surface b o u n d s t h r o u g h an 
oxygen a t o m ( N a r t a n d Iwasita 1992) . T h i s o r i e n t a t i o n causes the h y d r o g e n 
atoms p o i n t i n g away f r o m the surface a n d this w i l l i n d u c e the f o r m a t i o n o f H 
b o n d i n g w i t h a n i o n such as carbonate . As the p o t e n t i a l becomes m o r e negative, 
water bonds o n the e lec t rode surface t h r o u g h h y d r o g e n atoms. A n excess 
negative charge o n water w i l l p r o m o t e h y d r o g e n a t o m p o i n t i n g away f r o m the 
surface a n d thus enable the f o r m a t i o n o f h y d r o g e n b o n d i n g w i t h s u r r o u n d i n g 
anions c o n t a i n i n g h y d r o g e n such as phosphate . T h e b a n d at 2756 c m 1 is 
consistent w i t h the b a n d observed fo r O H stretch o f h y d r o g e n b o n d o f water-
phosphate couple , as c o m p a r e d to tha t spectra i n N 2 -saturated so lu t i on where 
a b r o a d b a n d centered at 2720 c m 1 as shown by inser t f igure i n Fig. 4 w h i c h is 
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Fig. 4: SNIFTIR spectra obtained from N-saturated phosphate buffered solution as the potential 
was carried in staircase mode. Spectra shown are from (a) -0.8 V 
to (h) -1.5 V in 0.1 V per step. E =-0.7 V 
Fig. 5: SNIFTIR spectra obtained from cooper in CO-saturated phosphate buffered solution as 
the potential was varied in staircase mode. Spectra shown are from (a) -0.7 V to (i) -1.5 V in 
0.1 Vper step. Enf = -0.6 V 
associated w i t h O H stretch o f h y d r o g e n b o n d e d water-phosphate coup le 
( C h a p m a n a n d T h i r l w e l l 1964). T h e 2852 c m 1 b a n d shifts t oward lower 
f requency as the po t en t i a l becomes m o r e negative. Th i s may indica te tha t the 
O H stretch o f hydrogen b o n d e d i n water-phosphate couple is m o r e p r e d o m i n a n t 
than water-carbonate couple at m o r e negative potentials due to the p r e d o m i n a n t 
water o r i e n t a t i o n (Na r t a n d Iwasita 1992). 
As the e lectrode surface is po la r i zed w h i l e b u b b l i n g C 0 2 i n the so lu t i on 
acco rd ing to the scheme shown i n Fig. 7, an in te res t ing e lec t rochemica l 
behavior (Fig. 3c) a n d S N I F T I R spectra were observed. As shown i n Fig. 8, 
several new bands were observed at 1881, 1955 a n d 2107 c m 1 . T h e b a n d at 
1881 c m 1 (a t -1.4 V ) shifts to 1955 c m 1 (a t -0 .2 V ) , as the po ten t i a l is made m o r e 
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Fig. 6: Scheme A used for evaluation of the reduction of C02 
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Fig. 7: Scheme B used for evaluation of the reduction of C02 
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Fig. 8: SNIFTIR spectra obtained from continuous CO^-saturated buffered phosphate solution as 
the cooper was polarized at -1.4 V for 15 minutes at 0°C. Spectra shown are from (a) -0.3 V, 
(b) -0.1 V of reverse sweep, (c) 0 V to (j) -1.4 V of forward sweep 
in 0.2 V per step. Enf= 0.4 V of reverse sweep 
positive. T h i s sh i f t i ng b a n d proves tha t the b a n d is associated w i t h adsorbed 
species (Dovydov 1990; N a k a m o t o 1986) . As r e p o r t e d ear l ie r the b a n d at 1881 
cm" 1 is assigned to adsorb b r idge -bonded C O (Jumat a n d Kalaj i 2002) . A shift 
i n b a n d pos i t i on fo r adsorbed C O has been ra t iona l i zed by the p-back d o n a t i o n 
process, w h i c h is we l l d o c u m e n t e d ( B l y h o l d e r 1964) . T h e shift to h i g h e r 
f requency as the po t en t i a l is made m o r e posi t ive indicates an increase i n the 
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C-O b o n d o r d e r / s t r e n g t h . A t h i g h negative po ten t i a l , p-back d o n a t i o n f r o m 
coppe r d p o r b i t a l to C O a n t i b o n d i n g 2JI* is bel ieved to decrease the C-O b o n d 
o r d e r w h i c h consequently lowers the C-O stretch frequency. O n the o the r 
h a n d , at less negative potent ia ls (-0.2 V ) , the Ji-back d o n a t i o n becomes less, thus 
increas ing the C-O b o n d s t rength . Increases i n C-O b o n d o rde r w i l l therefore 
increase the C-O stretch frequency. T h e b a n d at 2107 is assigned to soluble 
species, copper ( I ) -ca rbonyl w h i c h appears at anodic r e g i o n where copper is 
o x i d i z e d to copper ( I ) (He rnandez a n d Kalaji 1996). 
T h e exis t ing o f these bands proves that the r e d u c t i o n o f C o 2 can on ly occur 
o n the po la r i zed electrode surface. Th i s m i g h t be due to the e lectrode surface 
t u r n to be c leaned after the remova l o f specific pre-adsorbed ions such as 
h y d r o x i d e , electrolyte anions a n d oxides f r o m the surface, thus leaving the 
c lean surface to a l low the r e d u c t i o n process. T h e e lec t rochemica l proper t ies 
change o n the copper surface is clearly shown i n Fig. 3c where the hyd rogen 
e v o l u t i o n r e g i o n is depressed a n d shifted toward m o r e negative po t en t i a l , 
i m p l y i n g tha t some o the r process occu r r ed i n this r eg ion . Th i s is consistent w i t h 
the appearance o f new bands o f adsorbed C O a n d coppe r ( I ) - ca rbony l i n the 
same e x p e r i m e n t a l c o n d i t i o n . 
C O N C L U S I O N 
I t is clearly shown tha t the e lec t rochemica l behavior o f copper e lectrode i n 
phosphate buf fered so lu t ion is dramat ica l ly changed by the po la r iza t ion process. 
T h e h y d r o g e n evo lu t i on r e g i o n is depressed gready c o m p a r e d to wha t has been 
r e p o r t e d i n hyd rogen carbonate so lu t ion . T h e o x i d a t i o n a n d the r e d u c t i o n 
processes occur slowly o n the copper surface as clearly shown by the cyclic 
v o l t a m m o g r a m . T h e h y d r o g e n evo lu t ion r eg ion occurs at po t en t i a l m o r e 
negative t h a n -1.0 V a n d n o t affected by the anodic po ten t i a l l imi t s . T h e anodic 
f i l m fo rms o n the copper surface are r educed i n quasi-reversible manne r . I n 
C0 2 - sa tu ra ted so lu t ion , the loss o f copper to the so lu t ion increases due to the 
f o r m a t i o n o f copper soluble species. T h e rate o f copper d isso lu t ion to the 
so lu t ion is enhanced t h r o u g h the polar iza t ion process, where copper ( I ) -carbonyl 
fo rms at anodic potent ials . T h e r e d u c t i o n o f C 0 2 w i l l n o t p roceed o n the 
coppe r surface unless the e lec t rode surface has been po la r i zed at h i g h cathodic 
p o t e n t i a l fo r a p e r i o d o f time. Th i s m i g h t be due to the c o m p e t i n g process 
between the C 0 2 r e d u c t i o n a n d the specific pre-adsorpt ion o f anions processes 
o c c u r r i n g o n the e lectrode surface. 
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